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PREFACE 


The studies on soaps detailed in these pages were originally 
undertaken for the elucidation of various purely biological ques¬ 
tions. The proof that widely differing theoretical and practical 
problems associated with the maintenance of normal physiology 
in plants and animals or in the treatment of their diseases are 
essentially problems in colloid-chemistry (more jmrtieularly 
problems in the colloid-chemistry of the proteins) made more 
and more evident the necessity for a ladder understanding of the 
nature of various colloid-chemical changes themselves. The 
chemistry of the proteins as chains of widely differing amino- 
acids presented, however, such an infinity of possible variables 
that every direct attempt to analyse their colloid-chemical 
behavior was beset with difficulty. For this reason we turned 
to the soaps, for these substances not only contain a more con¬ 
trollable number of purely chemical variables, but their colloid- 
chemical behavior is much like that of the proteins. From the 
surer ground of the soaps it was then fmssible to step over into 
the more slippery one of the proteins. What are some! of the 
bearings of our various conclusions upon the biological Iwhavior 
of living cells under normal and abnormal circumstances is detailed 
in the pages that follow. 

The reason why this volume is written as it is, is largely the 
fruit of circumstance. While my first interests are biological 
and medical, it happens that generous friends have often asked 
me to present the work contained in this and some other of my 
books before their societies devoted to various branches of pure 
and applied chemistry. Due to such encouragement 1 have! set 
down in this volume the substance of what was said to them and 
in which they saw relations to their own fields of endeavor. 

Among the scientific journals to which this work was first 
submitted only Science and The Chemical Engineer could find 
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space for some of its fragments. In order that the whole might 
be presented in sequential form it was therefore necessary to write 
a book. 

I am greatly indebted to Doris Wulff for her attention to 
the manuscript; to Joseph B. Homan for his pen and ink draw¬ 
ings; to Josef Kupka for his photographs and tireless devotion 
to the business of the day. 

Martin H. Fischer. 

Eichberg Laboratory of Physiology, 

University of Cincinnati, 

November 24, 1920. 
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THE COLLOID CHEMISTRY OF SOAPS 



SOAPS ANI) PROTEINS 


PART ONE 

THE COUjOI D-CH EM I ST R Y OF SOAPS 

I 

SOAP MAKING 
1* Introduction 

If there are included in the definition of soap all those com¬ 
pounds which are formed when a metallic base (including ammo¬ 
nium) is united with a fatty acid radical, any effort to emphasize 
their wide importance is largely superfluous. Not only do various 
soaps appear, change and then disappear in living animal and 
plant cells under various circumstances, not only do they con¬ 
stitute, from both a qualitative and a quantitative viewpoint, 
one of the chief interests of theoretical and practical chemists, 
but their existence, availability and properties have much to do 
with the very esthetics of our existence, from clean clothes to the 
fine arts. 

The making of soap-even when carried out in ton lots by 
the modern manufacturer—does not in our day differ materially 
from the methods employed by the pristine housewife. “ Fats ” 
and “ oils ” are still stirred or boiled in a kettle with a caustic 
alkali of some sort. The modern concept of what happens under 
such circumstances may be said to date from Chevreul, who in 
1815 showed that “ fats 99 and “ oils/' whether of plant or ani¬ 
mal origin, are compounds of fatty acid with alcohol, usually the 
triatomie alcohol, glycerin. When such compounds (esters, in 
other words) are treated with an alkali, double decomposition 
ensues, the metallic radical uniting with the fatty acids contained 
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in the fat or oil to form the corresponding soups, while nleohc 
(glycerin) is split off. Expressed graphically and for a sing] 
“fat”: 

/O-CisHsaO 

C 3 H 5 ^0 • C i gHjj r,0+3NaOH = 3Na<) • (hsll:..-,* > + (’allOH 1:«. 
\)-Ci 8 H 3 50 

Glyceryl stearate + sodium nmliiua steurnU* i jityernn 

hydroxid 


It is important for our purposes to note, first, the vuriabli 
contained in thS elements constituting the reaction mixture. 

There is (1) the fat. While all the*, fats an* esters, they ru 
the gamut in mere physical attributes from the extreme, on th 
one hand, of liquids not unlike water, through viscid oils, to th 
extreme, on the other hand, of solids like “ waxes," which en 
hardly be broken with a hammer. But, from a ehemieal poin 
of view, it is obvious that these may also differ widely from ear 
other both as to (a) kind of fatty arid found in the ester, an 
(b) kind of alcohol united to the fatty arid. Kven wit hoi; 
embracing the theoretical extremes we find at- tin* one end fait 
acids with, say, six carbon atoms in the molecule, while at th 
other may be those with two dozen. The alcohol found in th 
fat is usually glycerin, but diatomic or monatomic alcohols mn 
take its place. 

A second variable concerns (2) the hydroxid employed. Sine 
the commoner soaps of commerce an* sodium soups, sodim 
hydroxid is the alkali ordinarily employed. In “ soft " son 
manufacture potassium hydroxid is used, for the soft, soaps ai 
potassium soaps. Directly or indirectly, however, other hydroxid 
or bases are of much scientific or technologic importance. Sodiun 
potassium and ammonium are of significance whim ordinal’, 
“washing” soaps are under consideration, but the wide distr: 
bution of magnesium and calcium compounds in various “ waters 
makes necessary a knowledge of the properties of the soups < 
these metals when “ hard ” waters are used. The importune 
of the heavy metals, like zinc and lead, becomes apparent who 
it is recalled that zinc stearate is used as a dusting powder i 
skin affections and that the plastic properties iff lead plastoi 
and of various paints is dependent upon the lead soaps found c 
formed in these mixtures. 
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Another variable is represented by (3) the water. It must 
be constantly borne in mind that, soap manufacture is carried out 
in the presence of relatively little water. Ah ordinarily expressed, 
soap making proceeds in a highly concentrated reaction mixture. 
Not without its important infiuenee is the presence of (4) the alco¬ 
hol (glycerin) split off in the process of manufacture. A final 
variable that must be considered in the ordinary process of soap 
manufacture is (5) the tenq>erature. Many soaps can W made, 
and are made, at ordinary temperatures or by the 11 cold ” proc¬ 
ess; more commonly, however, they are “ boiled,” 

The so-called Twnviumn process of soap manufacture differs 
from the above only in the fact that instead of the neutral fats 
(in other words, glycerids or esters) the free fatty acids are used. 
In this process the original fat is first broken into fatty acids and 
glycerin, and the separated fatty acids are brought by themselves 
into the soap kettle. To them is then added an appropriate 
hydroxid, and the soap is made. Fundamentally, however, the 
variables in the reaction mixture are, from both a chemical anti a 
physical standpoint, essentially those already listed, except that 
glycerin is missing. 

The conversion of a neutral fat (or of a fatty acid) into soap 
requires time. However, if the reaction has been curried to com¬ 
pletion, and if no excess of any of the ingredients has Wen 
employed, it is obvious that the final mixture in tin* soap kettle 
must consist of (1) water, (2) alcohol (glycerin) and (3) soap. 
The soap must be examined (a) from tin* point of view of the fatty 
acids which it contains, and (b) from that of the basic radical or 
radicals which it may hold. This fundamental process of soap 
manufacture is complicated, however, by a procedure which 
introduces a new variable into the general problem and which, 
in consequence, requires special analysis. This is (4) the u salting- 
out ” process. In the manufacture of the ordinary washing 
soaps, for example, the fat with its added alkali or the fatty acid 
with its requisite alkali is boiled until soap formation is assumed 
to be complete. There is then added either (a) a great surplus of 
the alkali (like sodium hydroxid) or more commonly (b) a neutral 
salt. Usually sodium ehlorid is shoveled into the soap kettle. 
As generally expressed, the excess of alkali or the presence of the 
sodium chloric! makes the soap “ insoluble ” in the 14 lye,” where¬ 
fore it “ grains ” and floats to the top of the boiling soap mixture. 
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In commercial soap manufacture, this surface layer of soap (bring¬ 
ing with it a certain amount of water, of excess alkali or salt, and 
some glycerin if the Twitchell process is not the one employed) 
is separated from its lye, is permitted to cool and after more or 
less handling is made into “ cakes ” for trade purposes. 


2. Soap Making as a Colloid-Chemical Problem. The Fatty 
Acids of the Technical and Theoretical Chemists 

Until the eighties of the last century, soap itself and the proc¬ 
esses of its manufacture were looked at from a purely u chemical ” 
point of view. The soaps were, in other words, regarded as ordi¬ 
nary salts which were either “ soluble ” or “ insoluble ” in 
water or other solvents. When soluble, the resulting soap 
“ solutions ” were generally regarded as obeying the laws char¬ 
acteristic of the ordinary solutions. In 1888 Franz Hofmeihter 1 
chose the soaps in general and sodium oleate in particular m 
materials of “ colloid ” nature and as fit substances upon which 
to test out the dehydrating effects of various salts. The notion 
that soaps were “ normal electrolytes,” that solutions of soap 
follow the laws of osmotic pressure and in other ways comported 
themselves as true solutions continued, however, into the nineties, 
when F. Krafft 2 and his co-workers pointed out that the more 
concentrated solutions of soap did not show the calculated depres¬ 
sions of the freezing point or elevations of the boiling point of 
true solutions. Kbafft and his fellow workers therefore declared 
these more concentrated soap solutions “ colloid.” Further 
impetus to the development of this colloid-chemical notion of the 
soaps was given by F. Goldschmidt and his pupils, 3 while various 
articles subsequently written by J. Leimdobfkb , 4 F. Botazzx, 
C. Victobow 5 and W. Bachmann 6 may be said to have 
established with finality that the soaps, in the concentrated form 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 25, i\ (188H). 

2 F. Krafft and H. Wiglow: Her. d. deufc. ehem. (kwlboh., jk 2573 

(1895). * 1 

8 F. Goldschmidt: Kolloid-Zeitschr., 2, 193, 227 (1908); F. Gold¬ 
schmidt and L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913). 

4 J. Leimdorfer: Kolloidchem. Beihefte, 2, 343 (1911). 

6 F. Botazzi and C. Victorow: Kolloid-Zeitschr., 8, 220 (1911), accessible 
only as review. 

«W. Bachmann: Kolloid-Zeitschr., 11,145 (1912). 
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in which they are encountered in the ordinary processes of the 
soap manufacturer, represent typical colloid-chemical systems. 

The relationship between the older physico-chemical views, 
which proved that soaps under certain circumstances act as 
“ normal electrolytes/ 7 and the insistence of later observers that 
they are colloids will become clearer as we proceed. Since the 
“ soaps ” ordinarily discussed are mixed soaps, and since the 
properties of such mixed systems are in themselves dependent 
upon the nature of the soaps entering into these mixed systems, 
it is best to begin by an investigation of the physico-chemical 
properties of the pure soaps themselves. 

It is well, for this purpose, to list the fatty acids of the tech¬ 
nical and theoretical chemists. This is done in the following 
table which is taken from J. Lewkowitsch . 1 Those fatty acids 
of the various categories which receive special study in the suc¬ 
ceeding pages are printed in bold face. 


TABLE i 


I. Acids of the Series C»H 2 »02. Acids of the Acetic Series 


Acetic acid. 


Mar gar ic acid. 

C 17 H 34 O* 

Butyric acid. 

. CaHsO* 

Stearic acid. 

CisHseO* 

Valeric acid. 


Arachidic acid. 

CioILoOs 

Caproic acid. 

. CeHwOa 

Behenic acid. 

C 22 H 44 O* 

Caprylic acid. 

. C 8 Hi 6 0 2 

Lignoceric acid. 

C24H 48 0, 

Capric .acid. 


Carnaubic acid. 

C24H480* 

Laurie acid. 


Pisangcerylic acid. 

C 24 H 48 O 2 

Ficoeerylic acid. 


Cerotic acid. 

C 26 H 52 O 2 

Myristic acid. 


Montanic acid. 

CksHwOi 

Isocetic acid. 


Melissic acid. 

CsoHmOj 

Palmitic acid. 


Psyllostearylic acid. 

C 33 H 66 O 2 

II. Acids of 

the Series Ct*H 2 »- 

- 2 0 2 . Acids of the Acrylic 

OR 


Oleic Series 


Tiglic acid. 

. C 6 H 8 0 2 

Rapic acid.*■. 


Not named. 


Petroselinic acid. 

.... C18H34O2 

Not named. 

. CuHaeOa 

Cheiranthic acid. 

.... CisHsiOa 

Hypogaeic acid. 


Liver oleic acid. 

.... C18H34O2 

Physetoleic acid. 


Doeglic acid. 

. .. . C19H36O2 

Palmitoleic acid. 


Jecoleic acid (inferred). 

.. .. C19H3CO2 

Lycopodic acid. 


Gadoleic acid. 

.... C20H38O2 

Oleic acid. 


Erucic acid. 

.... C22H42O2 

Elaidic acid. 


Brassidic acid. 

.... C22H42O2 

Isooleic acid. 


Iso erucic acid. 

.... C22H42O2 


1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 1, 111, London 
(1913). 
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HI. Acids of the Series C n H 2 n- 40 a 
(a) Open Chain Acids 

(a) Acids of the Linolic Series 

Linolic acid. CibHmOj Ekmmargaric (Klieostearic) 

Millet oil acid . C 1 rHsj 0 2 acid . CuHnOt 

Telfairic acid. CisHsaOa 


0 ) Acids of the Turiric. Series 

Tariric acid. CisHgaOa 


( 6 ) Cyclic Acids. Acids of the Ghaitlmoooric Seri eh 

Hydnocarpic acid. CibHsbOj Chaulmoogric arid <\*Hm Oi 

IV. Acids of the Series C^Han-cOa. Acids of the Linolknic Series 


Linolenic acid. CnillsoOa Jccoric acid (inferred} (W turf H 

Isolinolenic acid. Ciallaol h 


V. Acids of the Series C^Han-nGa. Acids of the C 'mtanoddnic Series 


Isanic acid. Onllanl h (’lupanodonic acid < H 

Therapic acid (inferred). Cn I IaaOa Arachidonic acid ( h 


VI. Acids of the Series C n H 3 «<) a . Hydroxy dated Acidh 


Sabinic acid. GiallajOg Not named < 'ulittOj 

Juniperic acid. GiaHgaOg Coccoric acid. . ,, <'« 

Lanopalmic acid. CuIIatOg 


VII. Acids of the Series C^Han-sOa. Acids of the Uktnoleio Series 


Ricinoleic acid. GisHuOa Rioinic acid,..... 

Ieoricinoleic acid. CuHuOg Quince oil acid. <* U JI W { >i 

Ricinelaldie acid. OiBHg^Og 

VIII. Acids of the Series C n H 2rt 0 4 . Dihydroxylated Acids 

Dihydroxystearic acid. Ci»Hg«( U Lanocerie acid. CibHihO* 


IX. Acids op the Series C^Han-iA. Dibasic Acidh 

Heptadecamethylenedicarboxylio (>HodecamcthylcmHlicarbox.vtic 


GiaHgfiOi acid. CioUnih 

Japanic acid... . 


With these remarks, we shall proceed at once to a study of the 
water-holding power of various pure soaps. 
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II 

THE SYSTEM SOAP/WATER 
1. Introduction 

In the course of our work on the stabilization of emulsions 1 
(in which we showed that the maintenance of a water-in-oil type 
of emulsion is dependent, in the main, upon the substitution of a 
colloid hydrate for the pure water) we were struck by the fact 
that no detailed figures are available which discuss in any syste¬ 
matic fashion the absolute hydration or gelation capacities of 
various pure soaps. Even though many studies 2 on the chem¬ 
istry of soaps and their general colloid behavior are available, 
and even though we possess much empiric knowledge regarding 
the water content of various commercial soaps, these investiga¬ 
tions deal, for the most part, with mixed soaps, with soaps pre¬ 
pared in alcoholic solution or with such as have been “ salted- 
out.” But, as will be shown in this and subsequent sections, all 
these circumstances may materially modify the water-holding 
powers of the involved pure soaps, so that we found it necessary 
for our own purposes to prepare pure soaps with such factors elimi¬ 
nated. Since the values which we have obtained are not only of 
direct chemical and technological interest, but form the basis for 
theoretical views covering the nature of the lyophilic colloid state 
and the behavior of living organisms which are composed of such 
materials, 3 we give below our detailed findings. First to be dis¬ 
cussed is the system composed of pure soap plus water . 

1 Martin H. Fischer and Marian 0. Hooker: Science, 48, 468 (1916); 
Kolloid-Zeitschr., 18, 129 (1916); ibid., 18, 242 (1916); Fats and Ratty 
Degeneration, 29, New York (1917). 

2 See for example F. Hofmeister: Arch. f. exp. Path. u. Pharm., 25, 6 
(1888); F. Krafft and H. Wiglow: Ber. d. deut. chem. Gesellsch., 28, 2573 
(1895); F. Merklen: Etude sur la constitution des savons du commerce, 
Marseilles (1906); F. Goldschmidt: Kolloid-Zeitschr., 2, 193, 227 (1908); 
J. Leimdorfer: Kolloid-chem. Beihefte, 2, 343 (1911); F. Botazzi and 
C. Victorow: Kolloid-Zeitschr., 8, 220 (1911), accessible only as review; 
W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912); F. Goldschmidt and 
L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913); J. Lewkowitsch: Oils, 
Fats and Waxes, 5th Ed., 8, 299, London (1915). 

3 See page 64; also Martin H. Fischer and Marian 0. Hooker: 
Science, 48, 143 (1918); Martin H. Fischer: (Edema and Nephritis, 3rd 
Ed., New York (1920). 
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2. Preparation and Gelation Capacities of Some Pure Soaps 

with Water 

Unless otherwise noted, wc prepared all our soaps m exactly 
the same way, namely, by neutralizing a definite weight (one 
mol) of the pure fatty acid with a chemically equivalent, amount 
of the hydroxid, oxid or carbonate of the necessary metal in a 
unit volume (one liter) of water, keeping the whole mixtme at 
the temperature of a boiling water bath until union between tin? 
acid and base had been accomplished. ('are was taken to prevent 
or to make good any loss of water from the inaction mixt.uie 
while in the bath. Under these circumstances we are dealing in 
the end, of course, only with a unit weight, of some pure soap in 
the presence of a unit weight of wafer. This detail regarding 
the histories of their preparation is of little interest, from a 
“ chemical ” point of view, but, since the soaps are “ colloid,” 
it is of vital importance from a physical one and, therefore, in the 
elucidation of the final result obtained. After we had prepared 
our soaps, the reaction mixtures were cook'd to IK" (ami the 
yields of soap weighed. When the entire mixture became gelatin¬ 
ous or solid we considered that all the water had been “ absorbed ” 
by the soap. 1 When “ free ” water began to apjiear above Urn 
soap, the weight of the theoretical yield of “ dry " soap was sub¬ 
tracted from the weight of the soap as produced, the difference 
being expressed as percent of water “ absorbed ” by the soap in 
terms of the weight of the theoretical “ dry ” yield. 

a. Soaps with Different Basic Radicals. Wo began our exjs-ri- 
ments by preparing a series of linolates. The exact exi>erimontal 
methods followed and the results obtained may be deduced from 
Table II. The striking differences in the absolute amounts of 
water taken up by these different soaps is readily apparent to t he 
naked eye. To illustrate the matter Fig. 1 is introduced. 

The different water-holding capacities of a serif's of olcatcn mid 
stearates is shown in Tables III and IV and Figs. 2 and d. The 
experimental procedure in their production was the one described 
above. A comparison of these figures and findings with those 
obtained in the linolate series is of interest because the three fatty 

‘This is really not the case, for what wo actually determined was the 
gelation point. How this differs from the hydration (or solvation) point will 
become clear later. See page 74. 



THE COLLOID-CHEMISTRY OF SOAPS 


11 



Figure 1. 
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s are all eighteen carbon atom acids, but are of three different 
3S, varying in their degrees of hydrogenation as is shown in 
following empiric formulae: 

Linolic acid. C17H31COOH 

Oleic acid. C17H33COOH 

Stearic acid.. C^H^COOH 
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In Tables V and VI and Figs. 4 and 5 are shown the gelation 
capacities of a series of palmitates and a series of laurates. 

These five sets of experiments show that, a first factor in the 
amount of water held by different soaps is resident in the nature of 



the metallic radical combined with the fatty add. If the radical 
most effective in this regard is given first, the sequence is about 
as follows: 

NH 4 , K, Na, Li, Mg, Ca, Hg, Pb, Ba (?) 


THE COLLOID-CHEMISTRY Of SOAPS 


15 


As reference to the original experiments in the tables shows, it is 
especially the last mentioned members in the series which are 
likely to be transposed. 



b. Soaps with Different Acid Radicals . We turned next to the 
question of water absorption by soaps possessed of a common 
base and prepared under identical conditions but containing differ- 
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ent, fatty arid radicals. The re¬ 
sults in tin* case of thr sodium 
salts of thr mrtiv arid series are 
ahown in Fig. 0. All the soap h 
were ho made that, in thr mil tmr 
mol of thr soap was productxl 
in the presence, of one liter of 
water. 

As Fig. f> shows (thr formate 
and acetate have lx*en omitted) 
the lowennoHt menders of thin 
aeries yield only molecular ( M true M ) 
solutions under these exj>eriment- 
al conditions. The solutions of 
Hodiuni eaprylate and cuprate, 
as here prepared* show decidedly 
lasting foams* indicating that they 
are approaching colloid projrer- 
ties. Beginning with aodium 
laurate, all t hc^ remaining soaps 
yield solid white gels. 

The. same general truths an* 
shown for the potassium salts of 
the acetic acid series in Fig. 7. 
Here again the lower members 
yield only “ true ” solutions, the 
middle* ones liquid colloids, the 
upper ones solid gels. 

These two groups of exjMtrr 
merits show that under otherwise 
fixed conditions the miter-absorbing 
power of any soap defends upon 
the nature of the fatty acid in the 
soap, increasing with its height in a 
given series . 

To get a more accurate meas¬ 
ure of the amounts of water that 
can thus be held by a series of dif¬ 
ferent sodium soaps we made the 
following experiment. 
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Molar equivalents 
of several different 
sodium soaps of the 
acetic acid series were 
prepared as described 
.above, but in the 
presence of gradually 
increasing amounts of 
water. Water was 
added until, upon cool¬ 
ing the soap mixture 
to 18° C., a solid gel, 
or one not showing 
“ syneresis,” was no 
longer obtained. 
Stated conversely, it 
was presumed that 
the limits for water 
absorption had been 
exceeded as soon as 
we obtained only a 
“ solution ” of the 
given soap or one 
which showed free" 
liquid at the tempera- 
• ture chosen (18° C.). 

The results of an 
actual experiment are 
portrayed in Fig. 8. 
The lowermost mem¬ 
bers of the sodium 

V 

salts of "the acetic 
acid series take up 
no water at all; they 
yield only “ true ” 
solutions. Sodium 
caproate forms a true 
solution in very little 
water, but when this 
is slowly evaporated 


■ : 



V* '} 5; ^ 
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PlGCHE 8. 
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one does not always get a crystalline product. The residue 
is frequently shellac-like. Sodium caproate may therefore 
be taken as the first soap in the series to show any water¬ 
holding power. Sodium caprylate easily yields true solutions, 
but if the amount of water is chosen correctly a beautiful 
gel results at 18° C. The amount of water for one mol 



of the soap must not exceed 200 cc. The matter is illus¬ 
trated in the left hand bottle of Fig, 8. Sodium caprate still 
yields a solid gel if 500 cc. of water are present to the mol of soap. 
This is shown in the second bottle of Fig. 8. As we mount in the 
acid series, the water-holding capacity grows tremendously. One 
mol of sodium laurate will hold 4 liters of water; the same amount 
of sodium myristate, 12 liters; of sodium palmitate, 20 liters; of 
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sodium margarate, 24 liters; of Hodiui 
stearate, 27 liters and of sodium urach. 
date, the enormous value of 37 liter* 
These facts are illustrated in the reman 
mg bottles of Fig. 8 and, in graph) 
form, in Fig. 9. 

Sodium murgarate, holding its 2 
liters of water to the mol of soap, assume 
its rightful place in tin* acetic series n 
indicated in tin* broken line column < 
Fig. 9, but, since it does not seem to b 
settled as yet that margarir acid i 
more than a “ eutectic" mixture < 
palmitic and stearic acids, this jMiin 
should not be too heavily stressed. Th 
soap of pelargonie acid (t we hav 
not yet been able to study. Both th 
sodium and potassium salts of eemti 
acid (C 27 ) are so slightly hydratahl 
3 (even after subjection to high fem|>eru 
| tuxes and increased atmospheric pressure 
| that this acid dot's not fit into the smootl 
series of the soaps already dcncrilied 
Excepting these three acids, it will h 
noted therefore that all the uvi/er-holdinj 
soaps are ot acids with an mvi miiiibe 
of carbon atoms in the empiric formula 
a fact which may not lx* without signifi 
cance in deckling which of the acids o 
the empiric formula (\JI 3lM iCOOH be 
long in a true series. 

In the experiment just deserilmd 
the water-holding jx>wor jier gram-mole 
cule of soap was determined. In orde 
to get this value for equivalent weight 
of the different soaps, the series o, 
experiments illustrated in Fig. 10 wat 
performed. In thin instance, water win 
added to one gram of each of the care 
fully dried sodium soaps until, afiei 
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solution in a hot water bath, a dry gel was no longer obtained 
on reducing the temperature of the mixture to 18° C. It is 
again evident that only liquid mixtures (true solutions) are 
obtained upon the addition of even trifling amounts of water to 



Figure 11 . 


the lowermost members. The actual amounts of water taken up 
by the higher members per gram of soap are shown in Table 
VII and, graphically, in Fig. 11. 

The water-holding capacities of three sodium soaps of the oleic 
series (oleate, elaidate and erucate) and that of sodium linolate 
are shown in Fig. 12 and Tables VIII and IX. These two tables 
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show that, in the oleic series also, the soap of the higher fatty 
acid has a greater absolute gelation capacity than a lower one. 

Because linolic, oleic and stearic acids differ from each other 
only in the degree of their hydrogenation it is of interest to com¬ 
pare the gelation capacities of their three sodium soaps. The 
amount of water in cc. held per gram of dry soap is as follows; 


Linolic (CitHmCOOH)... .1 31 

Oleic (CnII M GOOH). 3 28 

Stearic (CitHmCOOH) .. 88.(X) 



Figure 12. 

When comparison is made of the amount of water in re. held 
per mol of dry soap, the values are as follows: 


Linolic (CnH 31 GOOH) . KMX) 

Oleic (CnHsaCOOH). 1,(XM> 

Stearic (CnH^COOH)...... , 211,1)28 


Or, expressed as percent of soap required to yield the described 
colloid systems: 

23 20 percent 
23,31 jMTeent 

1.12 jwrmit 

c. The Effects of Water Concentration. The physical state of a 
soap/water system has in the above paragraphs been shown to 
be dependent upon (a) the type of base, and (t>) the type of fatty 
acid in the soap. We wish now to emphasize the fact that a third 
element in the matter is (c) the concentration of the water. This 
item, which will be considered in greater detail later because 


Linolic 
Oleic.. 
Stearic 
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; importance for the general theory 
e colloid state, 1 is illustrated for 
nber of the sodium and potas- 
soaps of the fatty acids of the 
5 series in Fig. 13. Each pair of 
contains 10 cc. of a half molar 
ition ” of the sodium or potassium 
>f propionic, butyric, valeric, cap- 
caprylic,* capric, lauric, myristic, 
itic, margaric or stearic acid. It 
3 e observed that the first six pairs 
bes from the left all contain mobile, 
liquids—in other words, liquids 
look like true solutions. In the 
th pair (laurates) the sodium salt 
s a colloid mass in a solution of 
m laurate while the potassium 
ields only a solution. In the 
h pair (myristates) the sodium 
delds a solid white gel while the 
sium salt still yields in part a 
3 ” solution with a colloid mass 
in the bottom. Beginning with 
)almitate pair and through the 
arate and stearate, o*nly solid white 
are obtained. This experiment 
es to show that a colloid soap 
% may be obtained with water only 
the concentration of the water is 
sufficiently low and that when 
alent concentrations are compared 
Hum soap becomes colloid sooner 
a corresponding potassium soap ♦ 
e shall see later, this is because 
sium soaps are more soluble in 
• and tend in consequence to yield 
vular (true) solutions over higher 
>s of soap concentration than the 
m soaps. 

1 See page 69. 



Figure 13. 


24 


SOAPS AND PROTEINS 


TABLE II 

Gelation Capacities of Different Linolatks with Watkh 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(in. w. 
expressed 
in 

grains) . 

1 Ob¬ 
served 
weight of 
soap j 
its 1 

pre- | 
pared. 

- l 

Alwolutfi '''■''J'" _ 

amount , , 

. gelation 

° ! walef 

gelation ; ^ 

watm i H .. 

m % 

I'hvaintl 

slate 

at 

1H» C 

Ammonium 

linolate 

Warm normal ammonium 
hydroxid solution poured 
into warm linolic acid 

297 

1207 

1000 ( 330 

1 

I 1 

1 

Highly via¬ 
nd , slight 
, ly eloudy, 
> •' 1 1 It w 
liquid 

Potassium 

linolate 

Hot normal potassium 
hydroxid solution poured 
into hot linolic acid 

318 

1318 

1000 3H 

i 

j 

Highly vii 1 
e»d, opal* 
eaecut, 
y •' 1 1 1 > w 

liquid 

Sodium lino¬ 
late 

Hot normal sodium hy¬ 
droxid solution poured 
into hot linolic acid 

302 

1302 

! 

1000 i 331 

i 

s 

i 

i 

Highly via- 
♦ id,alight 
ly elmidy. 

y e It o w 
liquid 

Magnesium 

linolate 

Magnesium oxid stirred 
into hot linolic acid and 
hot water added 

.. ... . i 

201 

300 

| I0H 37 

1 1 

Yellow 
| at irk y 
! iiiAaa 

Calcium lin¬ 
olate 

Dry calcium hydroxid i 
stirred into hot linolic 
acid and hot water added 

200 

404 

| 105 33 

1 . ; 

! . | . 1 

! W hite 
j flake* 

Barium lino¬ 
late 

Dry barium hydroxid 
stirred into hot linolic 
acid and hot water added 

348 

380 

32 ' 0 

! 

j 1 >r y flake* 

Lead linolate 

Litharge stirred into hot 
linolic acid and hot wa¬ 
ter added 

382 

382 

382CO* ' f’l 

Hiu*k v vH« 

, low sststna 


* This observation is subject to question because of the ixmeibta oxidation of the fatty 
acid. 
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TABLE III 

Gelation Capacities of Different Oleates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob¬ 
served 
weight of 
soap 

as 

pre¬ 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18° C. 

Physical 

state 

at 

18° C. 

Ammonium 

oleate 

Warm normal ammonium 
hydroxid stirred into 
warm oleic acid 

299 

1299 

1000 

Over 

334.4 

Clear, solid 
gel 

Potassium 

oleate 

Hot normal potassium hy¬ 
droxid stirred into hot 
oleic acid 

320 

1320 

1000 

Over 

312.5 

Clear, semi¬ 
liquid gel 

Sodium ole¬ 
ate 

Hot normal sodium hy¬ 
droxid stirred into hot 
oleic acid 

304 

1304 

1000 

Over 

328.9 

Clear, solid 
gel 

Lithium ole¬ 
ate 

Lithium carbonate stirred 
into hot oleic acid and 
hot water added 

288 

1288 

1000 

Over 

347.2 

White, solid 
gel 

Magnesium 

oleate 

Magnesium oxid stirred 
into hot oleic acid and 
hot water added 

293 

510 

217 

74.0 

White plas¬ 
tic mass 
in “free” 
water 

Calcium 

oleate 

Calcium hydroxid stirred 
into hot oleic acid and 
hot water added 

301 

380 

79 

26.2 

White plas¬ 
tic mass 
in “free” 
water 

Barium 

oleate 

Hot normal barium hy¬ 
droxid stirred into hot 
oleic acid 

350 

360 

10 

2.9 

Y ellowish 
plastic 
mass in 
“free” 
water 

Lead oleate 

Lead oxid stirred into hot 
oleic acid and hot water 
added 

384 

425 

41 

10.7 

Y ellowish 
plastic 
mass in 
“ free”* 
water 

Mercury ole¬ 
ate 

Yellow mercuric oxid stir¬ 
red into hot oleic acid 
and hot water added 

# 

381 

' 425 

44 

11.5 

Y ellowish 
plastic 
mass in 
“free” 
water 
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tabu; iv 

Gelation Capacities of Different Stkakatkh with \\ ateic 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w 
expressed 
in 

grains'). 

Ob¬ 

served 

weight ul 
soup 

as 

pu¬ 

pated 

! 

Absolut r| 
amount 1 
uf , 

gelation 
water 

1 Vreent 

; 

ge:at ion 

W at* t 

at 1 

,v ' r | 

PhN steal 

>t ate 

at 

jh r 

Ammonium 

stearate 

Warm normal ammonium 
hydroxid stirred into 
warm stearic acid 

:m 

1301 

1000 J 

t »\ Vt 

a ! 

! 

W title plain 
in mriaa 

Potassium 

stearate 

Hot normal potassium by- 
1 droxid stirred into hot 
stearic acid 

322 

1322 

UMHt i 

< K ft 

,110 3 

N-mehtird 

while 

pimp 

Sodium 

stearate 

Hot normal sodium hy¬ 
droxid stirred into hot 
stearic acid 

:uw 

i lit Ml 

1WN> j 

t K ft 

320 h 

Hard whit* 

w*t*p 

I _ 

Magnesium 

stearate 

Magnesium oxid stirred 
into hot stearie acid and 
boiling water added 

2ftf» 

UtiO 

i 

Mii» j 

i 

4 

p 1 a r» ! i a 
j * balky 

mm» in 

i im" 

water 

Calcium 

stearate 

Calcium hydroxid stirred 
into hot stearic acid and 
hot water added 

:to» 

7Uf» 

402 

132 fi 

\% bite, dry, 

b t 1 t I 1 « 
powder in 

" f r p «* * f 
f water 

Barium 

stearate 

Hot normal barium hy¬ 
droxid stirred into hot 
stearic acid 

3f>2 

5H7 

23** 

1 mi h ; 

1 i 

i 

l ; 

jw bite 

j flakes* hi 
| tt pp '* 

j water 

Lead stear¬ 
ate 

Litharge stirred into hot 
stearic acid and boiling 
water added 

m\ 

730 

l 344 , 

, W) 1 

i 

i 

I 

W lute.bard 
Hake* in 

" f r «* * ** 

water 

Mercury 

stearate 

Yellow mercuric oxid stir¬ 
red into hot stearic acid 
and boiling water added 

383 

80f» 

482 

123 h 

W !i i t | 

ft « ken 111 

j " f r «*« *' 


wafer 
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TABLE V 

Gelation Capacities of Different Palmitates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams). 

Ob¬ 
served 
weight of 
soap 

as 

pre¬ 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18° C. 

Physical 

state 

at 

ih° a. 

mmonium 

ualmitate 

Warm normal ammonium 
hydroxid stirred into 
warm palmitic acid 

273 

1273 

HKX) 

Over 

366.3 

Bolid white 
gel 

>tassium 

>almitate 

Hot normal potassium hy¬ 
droxid stirred into hot 
palmitic acid 

294 

1294 

1000 

Over 

340. 1 

Plastic 
white gel 

dium pal- 
nitate 

Hot normal sodium hy¬ 
droxid stirred into hot 
palmitic acid 

278 

1278 

’ 1000 

j 

()ver 

359.6 

Bolid white 
gel 

agnesium 

>almitate 

Magnesium oxid stirred 
into hot palmitic acid 
and hot water added 

267 

440 

173 

64.8 

Rather 
brittle 
mass; 
plastic at 
higher 
tempera¬ 
tures 

,rium pal- 
nitate 

Hot normal barium hy¬ 
droxid stirred into hot 
palmitic acid 

324 

670 

346 

106.8 

Dry, flaky 
masses 

ad palmi- 
ate 

Litharge stirred into hot 
palmitic acid and hot 
water added 

358 

390 

32 

8.9 

Bhiny, hard 
flakes; 
plastic at 
higher 
tempera¬ 
tures 
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TABI.K VI 

Gelation Capacities op Dikkkkknt Lavhatkh with Watmi 


Soap. 

How prepared. 

| 

Theoret, 
weight of 
dry soap 
Cm. w. 
expressed 
in 

grains!, 

Ob* 

served 
weight id 
«<mp , 

tm ! 

pre» | 
pared 

. -! 

Absolute 
amount ' 

of 

gelation 
water. ; 

SVfetnf 

«»f i l'hvsit ai 

gelation ] Mate 

w airr ] at 

at ' is * r 

\ in" r ' 

Ammonium 

laurate 

Warm normal ammonium 
hydroxide point'd into 
melted laurir aeid 

217 

i 

t 

' 1217 

lIMMl 

< ‘'vet |He*m solid, 

|«4l S | solid ge( 
at o < »! i) r 

Potassium 

laurate 

Hot normal potassium hy- 
droxid poured into hot j 
laurie aeid 

2UK • 

i 

122k 

ItHKI 

« H rt 1 ike «alrr, 

120 l *’ti«l gel 

at t» r nl 0 " 1* 

Sodium lau¬ 
rate 

Hot normal sodium hy* 
droxid poured into hot 
laurio aeid 

222 ' 

i 

1222 

loop 

I'm ,h,4i 4 a bite 

■1M l 1 gel 

Magnesium 

laurate 

Magnesium oxid stirred 
into hot laurie acid and 
hot water added 

211 1 

.770 

.i.Vt 

170 1 \\ bile flaky 

p»*t*» lea 

Barium lau¬ 
rate 

Hot normal barium hy¬ 
dro xid poured into hot 
laurie aeid 

2dK 

i 

,710 

242 

tut .1 \\ lute dry 

|m. voter 

Lead laurate 

Litharge stirred into hot 
laurie aoid and hot water 
added 

ao;* J 

42.7 

1 

I 

j 

122 

40 2 Hart),white 
| mass, 
p)astir at 
higher 
< r in per a- 
tmm 
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TABLE VII 

Gelation Capacities per Gram of Sodium Soaps of the Acetic Series 
with Water at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


Sodium formate. 

0 


Sodium acetate. 

0 


Sodium propionate. 

0 


Sodium butyrate. 

0 


Sodium valerate. 

0 


Sodium caproate. 

(?) 


Sodium caprylate. 

1 cc. 

(50.00) 

Sodium caprate. 

2.5 “ 

(28.57) 

Sodium laurate. 

18 “ 

(5.20) 

Sodium myristate. 

48 “ 

(2.04) 

Sodium palmitate. 

72 “ 

(1.37) 

Sodium margarate. 

80 “ 

(1.23) 

Sodium stearate. 

88 “ 

(1.12) 

Sodium arachidate. 

111 “ 

(0.89) 


TABLE VIII 

Gelation Capacities per Gram of Sodium Soaps of the Oleic Series 
with Water at 18° C. 

Values in parentheses indicate percent of soap in the colloid system. 


Sodium erucate. . 
"odium oleate... 
sodium elaldate. 


60.00 (1.64) 

Solid white gel 

3.28 (23.36) 

Highly viscid, yellow liquid 

30.00 (3.23) 

Solid white gel 


TABLE IX 

Delation Capacity per Gram of a Sodium Soap of the Linolic Series 
with Water at 18° C. 

Value in parenthesis indicates percent of soap in the colloid system. 


Sodium linolate. 


3.31 (23.20) 


Highly viscid, yellowish-brown liquid 
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III 


THE SYSTEM SOAP/ALCOHOL 


1. Introduction 

It is the purpose of tins section to hike up the mutter of the 
production of various lyophilie colloid soup systems from materials 
in which water is practically or entirely absent-. The fact s learned 
under this heading will then serve, with the exj>eriments deserilwd 
earlier 1 on soap/water systems, for a general theory of the lyophilie 
colloid state. 2 

Of the many different “ solvents ’’ which will in this fashion 
yield beautiful lyophilie colloid systems with various soaps, we 
shall first take up the various alcohols, for not only do alcohols 
(like glycerin) frequently appear in the processes of soup manu¬ 
facture, but this or some other alcohol is commonly added to 
soaps from without to make them “ transparent." 


2. Experiments with Monatomic Alcohols 

a. Monatomic Alcohols of the General Composition (*,(){{, 
1. A first set of experiments consisted in the determination of 
the gelation capacities of various sodium simps of the fatty acids of 
the acetic series in the presence of absolute, ethyl alcohol. For this 
purpose we proceeded as in the experiments on the gelation 
capacities of these soaps when water was the “solvent." The 
soaps were made by adding to unit molar weights of the various 
fatty acids the necessary chemical equivalents of half normal 
sodium hydroxid in absolute alcohol. The mixtures were kept 
in a water bath set at 75° C., and enough absolute ethyl alcohol 
was then added to each until on cooling the soap-alcohol mixture 
to 18° C. a “ dry ” gel was no longer obtained. In other words, 
if the soap/alcohol system remained liquid or showed “ syneresis " 
it was held that its gelation limit had been exceeded. The results 


H. Fihchkk and Marian O. Hookkr: 


‘See page 9; also Martin 
Chem. Engineer, 27, 155 (1919). 

Science 6 48^141 nin sv alld Makian <>• Hookkr: 
science, 48, 143 (1918), Chem. Engineer, 27, 188 ( 1919 ). 
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(which are readily reproducible) in the case of an actual experi¬ 
ment, are shown in Figs. 14 and 15 and in Table X. The 
findings detailed in Table X are shown graphically in Fig. 16. 

A sodium oleate-ethyl alcohol gel prepared under identical 
conditions is pictured in Fig. 17. 

It is again of interest to note m connection with these experi¬ 
ments in which ethyl alcohol is used that, with the exception of 
margaric acid (about which there is still a debate as to whether 
or not it is more than a eutectic mixture of palmitic and stearic 
acids) all the soaps which show distinctly lyophilic properties 
are those of acids which have an even number of carbon atoms in 
the empiric formula. This fact was formerly emphasized in the 
case of these soaps, when water was the “ solvent ” concerned. 

The tendency to yield colloid gels diminishes not only quanti¬ 
tatively but also qualitatively, as we descend the fatty acid series 
from sodium arachidate to sodium acetate. The ethyl alcohol 
gel of sodium acetate tends to crystallize out within a few days 
after its formation. The butyrate gel (see Fig. 14) may go partly 
to pieces in the course of weeks, unless carefully protected from 
temperature changes, but the caproate yields a lasting colloid. 
These lowermost members of the soap series with an even number 
of carbon atoms, however, show a clean-cut tendency to gel 
formation not at all apparent with the formate, propionate and 
valerate. In the case of the last named substances, repeated 
trials under the conditions of our experiments yielded only thick 
crystalline precipitates. 

It is further to be noted (Fig. 16) that the regular downward 
gradation in gelation capacity is interrupted in the series between 
capric and caprylic acids. This point marks the transition from 
the fatty acids solid at ordinary temperatures, to those which 
are liquid. 

2. It was our next problem to discover what was the gelation 
capacity of some picked soaps in different alcohols. We used for 
this purpose several sodium soaps of the acetic acid series, three 
sodium soaps of the oleic series and one sodium soap of the linolic 
series. 1 The erucate and linolate were prepared through neu- 

1 The matter of getting absolutely pure fatty acids for such quantitative 
experiments as are here described is not an easy one. We are under great 
obligation to the Department of Organic Manufactures of the University of 
Illinois for supplying us with splendid examples of the different fatty acids 
used in this study. In another portion of the work we used Kahlbaum’s “K” 


32 


SO A PH AND PHOTKINS 


tralization of the necessary molar equivalents of arid with stand¬ 
ard aqueous sodium hydroxid ami desiccated over sulphuric and 

at 37° C. The remaining soaps were similarly prepared hut dried 



at 90° C., in a dry air oven, to constant weight, as determined by 
heating a test fraction to 110° C. 

The gelation capacity per gram of the sodium soaps of nine 
different fatty acids of the acetic series in nine different inonii- 

Brand chemicals. The fact that the fatty acids luwl different sources explains 
some of the slight variations in the numerical values obtained in different 
series of experiments. It should be noted, however, that the relative values 
obtained were always gotten by using a single specimen. 
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tomic alcohols is shown photographically in Fig. IS (A and H] 
and graphically in Figs. 19, 20, 21, 22, 23, 24, 2A and 21k The 
findings are compounded in Fig. 27. In each instance a given 
weight of soap had more and more of the various alcohols added 
to it while in a warm water or boiling water bath, until, uf*on 
reducing the temperature of the reaction mixture to IK (it 
would no longer set into a dry gel. The actual volumes that it 
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was found possible to add, while .still accomplishing fhj.s ( . ll( | , m> 
shown in Table XI. 

The tables, figures and graphs show that the tendency of the 
various soaps to yield lyophilic colloid systems prows (1, with the 
complexity of the soap in any given scries and (2) with the complerilu 
of the alcohol used in the system. The only except i„„ in t he acetic 
senes is represented by margaric acid, but this may Ik* explained 
either by the fact that it is an odd carbon atom acid or that, it 
represents a eutectic mixture of stearic and palmiiic acids. 
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The results in the case of two soaps of the oleic series (sodium 
oleate and sodium erucate) with this series of alcohols are shown 
photographically in the upper two rows of Fig. 28 and graphically 
in Figs. 29 (A) and 30. 

The behavior of sodium elaidate (elaidic acid being an isomer 
of oleic acid) is shown in the lowermost series of bottles of Fig. 28, 
and graphically in Fig. 29 (. B ). The gelation capacity of this 
soap differs from that of sodium oleate in. that the maximal 
gelation capacity is obtained with an alcohol in the middle of 
the series. In general all the gelation capacities he below the 
values obtained with sodium oleate. 



The experimental results covering these three soaps are given 
in Table XII. It is again apparent in the oleic series that the 
gelation capacity increases with the height of the alcohol in the 
series; while, when the erucate is compared with the oleate, the 
former has a higher gelation capacity with a given alcohol than 
the latter, at least as far as the lowermost members are concerned. 
We were not successful either by direct or indirect means (through 
primary solution in methyl alcohol) to get gelation values in the 
higher alcohols above that for ethyl alcohol. We cannot, how¬ 
ever, say at this time whether this is a necessarily correct finding, 
for our erucic acid was not absolutely pure. 
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GELATION CAPACITY PER GRAM 
OF SODIUM MYRISTATE 
IN DIFFERENT ALCOHOLS 
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Figure 23. 





Figure 24. 
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GELATION CAPACITY PER GRAM 
SODIUM SOAPS Or THE 
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Figure 28. 





METHYL 
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Fxgukh 29. 
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Figure 30. 
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The gelation capacity per gram of sodium linolate in different 
alcohols is shown photographically in Fig. HI and graphically 
in Fig. 32. The graph is based upon values shown m l able 

XIII. 



Kim jkk 32. 


If the gelation capacities of sodium linolate, sodium oleate 
ahd sodium stearate in the different alcohols are compared, read¬ 
ing horizontally across the table, it will be noted that sodium 
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linolate shows, on the whole, a lower value than sodium oleate 
and the latter a lower one than sodium stearate. 

It was noted in the making of these solutions of the soap in 
the different alcohols that the soap dissolved first in the lower 
members of the alcohol series and last in the uppermost. Upon 
lowering the temperature the gels formed first in the upper alco¬ 



hols and last in the lowest members of the series. It should be 
noted, too, that the solubility of sodium oleate in methyl alcohol 
is so high that slight variations in temperature are sufficient to 
cause the mixture, in the concentration here used, to pass from 
the opalescent gel to a clear solution, while a lowering of the 
temperature brings it back to the gel state. As we ascend to 



the higher alcohols such temperature variations must be made 
increasingly larger to accomplish the same result. 

b. Monatomic Alcohols of the General Composition CnHnOH. 
Of the other monatomic alcohols which have been studied, benzyl 
alcohol yields beautiful soap jellies with the anhydrous soaps of 
both the acetic and oleic series, as shown in Figs. 33 and 34, as 
well as Tables XIV and XV which contain the actual experimental 
data. 
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Cinnamyl and allyl alcohols yield no gels with either of these 
two soap series. Sodium linolate yields no gel with benzol 
alcohol nor with cinnamyl or allyl alcohol. 


3. Experiments with Diatomic Alcohols 

The solvation capacity of several sodium soaps in. two di¬ 
atomic alcohols, namely, trimethyleneglycol (1, 3 propandiol) 



Figure 35. 


and ethyleneglycol, was next studied. The results for seven 
sodium soaps of the acetic series and three sodium soaps of 



Figure 36. 


the oleic series with trimethyleneglycol are shown in Figs. 
35 and 36, and Tables XVI and XVII, which contain the ex¬ 
perimental data. There is an obvious and large increase in 
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gelation capacity an we ascend the acetic aeries. Sodium oleate 
lies far below sodium stearate in its gelation capacity, while 
sodium linolate was found to yield no gel at sill. Both Table 
XVII and Fig. 30 show that sodium erucate and sodium 
ehddate (the isomer of the oleate) have a lou'er gelation capacity 
in trimethyleneglyeol than has sodium oleate, but, as noted 
alx>ve, we were not completely satisfunl with the purity of our 
erueio acid. 


I \* 


im fa te 


Flora*: 37. 


The results of some ex|w»rimentH with ethyleneglycol unci Homo 

soaps of the acetic and oleic series art 1 - shown in Pigs, 37 and 38. 
The a<*tual exjM*rimental findings an* again contained in Tables 
XVI and XVII. Ah apparent from the* figures and the tables. 



Florae 38. 


only the higher members in each of the soap series will yield grin 
with ethyleneglycol, the lower menders yielding only true solu¬ 
tions or crystalline dejKwils in the cooled reaction mixtures. 
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4. Experiments with Triatomic Alcohols (Glycerin) 

The solvation capacities of four sodium soaps of (he acetic 
series and three sodium soaps of the oleic series with glycerin are 
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Figure 39 


illustrated in Figs. 39 and 40 and Tables XVIII awl XIX. Not 
only does the oleic series stand below the acetic, but in both series 
the gelation capacity falls rapidly from the high values obtained 
with the upper series to the low values in the ease of the lower. 
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Figure 40, 


Fig. 41 illustrates the system sodium linolate, with a diatomic 
or a triatomic alcohol. When these mixtures are heated to the 
temperature of a boiling water bath, “ solution ” occurs, but on 
cooling the mixtures to 18° C. no gelation follows, despite their 
high soap content (33.3 percent). We shall return later to 
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the hearing of thin phenomenon on the general theory of 
gelation. 

Fig. 42 shown the result of dissolving 1 gram of sodium stearate 
or sodium oleate in 50 ee. of allyl aleohol at the temperature of 



Fuiuhjb 41. 


boiling water and then cooling to 18° C. At the higher tempera¬ 
ture the soap dissolves to form a “ true solution as the temp¬ 
erature falls* the soap becomes insoluble, but instead of forming 



Fiona® 42. 


a gel it drops out as a crystalline mass. These experiments suffice 
to show that not every soap solvent will yield a colloid system 
with a given soap. We shall use these facts later for their bear¬ 
ing upon the general theory of colloids. 
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TABU*: X 


Gelation Capacities of Diffkkknt Soon \i Sou»s 
with Ethvl Alcohol 




Theuref 



aright 




dry rnrnpj 

Soap. 

How prepared. 

t III H | 



expiejvwdi 



in 



grams* 

Sodium 

Arachidie arid dissolved in warm 

:t;i4 

arachidate 

absolute alcohol and J norma! 

; 


NaOII added to it 

j ( 

Sodium 

Stearic acid dissolved in warm ab 

i 

'j lit si 

stearate 

solute alcohol and | normal 1 



NaOH added to it 

i 

Sodium 

Marguric acid dissolved in warm 


margarat.o 

absolute alcohol and § not mu! 



NaOH added to it 


Sodium 

Palmitic acid dissolved in hhhii 

27 h 

palmitate 

absolute aleohol and f nor mid 



NaOH added to it 


Sodium 

Myristio acid dissolved in Haim 

j if .Ml 

myristate 

absolute aleohol and § normal 



NaOH added to it 


Sodium 

Laurie acid dissolved in warm «b 

1 'j'j'j 

laurate 

solute aleohol and f normal 



NaOH added to it 

1 

Sodium 

Oaprie acid dissolved in warm 

i m 

caprat© 

absolute alcohol and § normal 



NaOH added to it j 

| 

Sodium 

Caprylic acid dissolved in warm! 

I tin 

caprylat© 

absolute aleohol and | normal! 



NaOH added to it 

1 

Sodium i 

Caproic aeid dissolved in warm- 1 

LIH 

caproate 

absolute aleohol and | normal 



NaOH added to it 

j 

Sodium 

Valeric acid dissolved in warm 

124 

% 

valerate 

absolute alcohol and | normal 



* 

NaOH added to it 

t 



Sodium ] 

—— —j 

Butyric acid dissolved in warm 1 

120 


butyrate 

absolute alcohol and § normal. 




NaOH added to it 




»|r»»}ini ||rliri( <• Ii 
but nh mL .4 


Itfi 

lifniii 


Ul IH I 


!io wml 
»l nit* 
at 

!*» r 


I if H 


ih > 


firs 


*-M t %h»frtfr| 


I \\ |j|f r grl 


U 1*41r jfr) 


'**7* m Li|* grl 


X\ l«fr grl 


mihi \u Hiv Mr ] 


<♦1 HTi U tuft* grl 


.ini;! 


\% lilfr grl 


11 i’» \S bile grl 


*f > s>f alii | 
ptenpkmli 


WHt VI hilr «rl 
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r\m,K x 

f 'onttnued 



Hemp 

How prepared 

Thearer. Almolute 
w**ighi of amount 

dry nonjij ethyl 
(nt w alcohol 

rtpreaml almortied 
in • (in 

arum#} literal 

Percent 

of 

gelation 

alcohol 
lit IK® (\ 

Physical 

state 

at 

18° C. 

Hodtum 

pmpioiwt# 

l*r**j*iofitt arid cd »« nnmm 

attaolutr nlrobo} »od | normal 
N*»< HI added in it 

lift 

No 1 y <> - 
phtlie 

propor¬ 

tion 


Btieky mix¬ 
ture, ulti¬ 
mately crys¬ 
talline 

Htxlmm 

acetate 

4wt|r ami t|tj»»i% r*i it* * arm »l««- 
itllc »Ir*4i**f a ltd | N*»< HI 

added <»» |l 

m 

0 HP) 

. 

tiTtl (?) 

White gel 

Sodium 
for mate 

b«r inti m of dtiwwd % r*| to warm 

atifwiltitr »in*lwfi and | tmr mai 

Nat HI added l*i it 

m 

. 

Thick 
precipi¬ 
tate, tto 
lyophti 
ir projr* 
ertiea 

• 

! 

[ 

K'rystalline 

precipitate 

Sodium 

oleat* 

<>!ff*r ami iltemhoi lit wattn a two 
lute airi*h»4 and | normal Na< HI 
added «»» II 

im 

IC> t) 

42811 

White gel 
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el*tdat* 

KinlHlr uritl dllfe»<*hrd tn *arOl 

nUoittlfi alcohol (tu4 | 

N»« HI added til l* ] 

ISIH 

i 

:i h 

1250 

White gel 

Sodium 

crurate 

| 

Krurtr »r|i| dlajwdved ttittatm atwo*: 
Jute #|r#4i«l and | tiermat M»iHf 

added iii it | 

mm 

\ 

1 

VI ti 

mm 

White gel 
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Sodium linolate 
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TABLE XIV 

Gelation Capacities in cc. per Gram of Various Sodium S 
of the Acetic Series with Benzyl Alcohol at 18° C. 


Values in. parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

Sodium stearate. 

110 

(0 

90) 

Sodium palmitate. 

90 

(1 

09) 

Sodium myristate... 

82 £ 

(1 

19) 

Sodium laurate. 

75 

(1 

31) 

Sodium caprate. 

67£ 

(1 

46) 

Sodium caprylate. 

60 

(1 

64) 

Sodium caproate. 

40 

(2 

.44) 


TABLE XV 

Gelation Capacities in cc. per Gram of Various Sodium S 
of the Oleic Series with Benzyl Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

Sodium erucate... . . ........... 

30 (3.23) 

50 (1.96) 

20 (4.76) 

.... 

QA/1iiirrt . 

OUU1LUU CiaiUil tc * • • • •••*•. 


TABLE XVI 

Gelation Capacities in cc. per Gram of Various Sodium . S 
the Acetic Series with Different Diatomic Alcohols at 1 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Ethylene¬ 

glycol. 

Trimethylene- 

glycol. 

Sodium stearate..... 

80 (1.23) 

250 (0.39) 

Sodium palmitate. 

40 (2.44) 

120 (0.83) 

Sodium myristate. 

10 (9.09) 

80 (1.23) 

Sodium laurate. 


40 (2.44) 

Sodium' caprate. 


25 (3.84) 

Sodium caprylate. 


15 (6.25) 

Sodium caproate. 


10 (9.09) 
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TABLE XVII 

rELATION CAPACITIES IN CC. PER GRAM OF VARIOUS SODIUM SOAPS OF 

the Oleic Series with Different Diatomic Alcohols at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Ethylene¬ 

glycol. 

Trimethylene- 

glycol. 

Sodium erucate. 

Sodium oleate. 

Sodium elaldate. 

30 (3.23) 

30 (3.23) 

60 (1.64) 

15 (6.25) 



. TABLE XVIII 

Gelation Capacities in cc. per Gram of Various Sodium Soaps 
of the Acetic Series with a Triatomic Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 

Sodium stearate. 

150 (0.66) 

Sodium palmitate. 

50 (1.96) 

Sodium myristate. 

15 (6.25) 

Sodium laurate. 

8 (11.11) 

TABLE XIX 


Gelation Capacities in cc. per Gram of Various Sodium Soaps of the 
Oleic Series with a Triatomic Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 


30 (3.23) 

20 (4.76) 

18 (5.26) 
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IV 

THE SYSTEM SOAP/X. COLLOID SOAPS IN OTHER 
NON-AQUEOUS “SOLVENTS” 

It is of importance for the theory of the lyophilic soap colloids 
in particular, and of lyophilic colloids in general, to see how much 



FlGtTRB 43. 


further the composition of these systems may be broadened and 
still yield the definitely colloid systems under discussion. The 
soaps form admirable materials for such a study, for, as already 
observed, they yield colloid systems not only with water and the 
various monatomic, diatomic and triatomic alcohols but also 
with many other liquid “ solvents.” 

Some colloid systems of the general composition soap/x are 
illustrated m Fig. 43. Here sodium stearate and sodium oleate 
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are seen to yield gels with turj>entine, gasoline, benzene, toluene, 
chloroform and carbon tefrachlorid. The list of “ solvents ” 
which yield such results can be further lengthened as shown in 
Figs. 44, 45 ami 40 by observing that meta-, ortho- and para- 
xylene, diethyl and butyl ethers, benzaldehyd and paraldehyd, 
turpentine 4 , limnnenr, pinene, gasoline, heptanes ethyl cenan- 
thate, amyl aeetnte and iriacotin all yield satisfactory results. 
The experimental details covering Fig. 43 are contained in Table 
XX; those covering Figs. 44, 45 and 40 in Table XXL It 



Ficjurk 44. 


should be noted that the gelation capacities of Table XX are 
the maximal values; in the rest of the series we contented our¬ 
selves with the mere finding that lyophilie colloid systems could 
be produced from the soaps and 11 solvents fp chosen for study. 

These findings indicate that a large variety of different “ sol¬ 
vents " may all yield lyophilie colloid systems, even though there 
is little chemical relationship lietween the memWs of the various 
groups studied. What this means for the general theory of the 
lyophilie colloid state is now to be discussed. 




SOAPS AND PItOTKINS 



Figtooi 46. 








THE (X *Lfi >11 > 4 II KM ISTIt Y OF HO A 1*8 


63 


t\hu: xx 


GBX*ATI 0 M (Ul'iUlTIKH IS CC !*K!t <«K*M OP VAHUWH HoDItfM SOAPH 

WITH l hFFKHHVr NON-Aql'KOI’8 HoLVKNTH AT 1H H (*, 

VaSUir# tii |ia?riill»rwit tttfltrtifr |M’f(Wist of mtap tit tl»«* |p4 




j 

j Ttlf {w’tlt Itir liiiiMillltr |!*H|rf4r 


1 | (’strbtm 

TttSitrm* j t „| ri4t ,h) or <d. 


'—j , i 

ginltum *1 H tin 4 ;• **4 Hi J li Ctf* til j 

Sucltum ol«*#t* i I O ub% «»! * « <&» in 4 « CM Htj 


ii it ifi ;n .1 ii mi »i 

;i ii iaf* in , 4 ti fit »i 


fl 4 113 ft) 

a o tin 7 ) 


T\iti,i: xxi 

Ukdation C % Ai*\riwiH iNW Maximai»I in ct »;« C*ham of Sodium 
H riuitvr*; wrtit l»irri:f4t:xT NoN'AqDKou* Sodvknth at 18® C. 

\ »!»!*•« lit |»*»tniltuitM air |w’frrwl *4 fwmj* lit ilt-p t«4 


* If %% Irlftr 

*tt % | If lMr> 

*/* 1 % Irlir 

I hr I Ini rllirf 

rlSwi 

*JI* ti 

*l*«» fclslrlil*! 

I’llf §frf|!t#«’ 

# l4ittMitr*»r 

C }»,»»* it tir 

*f f«pf#tf§ftr» 

# l\t I »§p*t«tt»f lt*t* 

* I fill I ar-rlafr 

*T»H*rtr*liM 


f 0 1211 III 
1 i it no cii 

) I 0 1211 «lt 

* ’J « i;*:i lit 

i «f no to 
I If i '20 to 
4 0 120 til 

3 tl Of A m 
i o no m 

4 o no «ii 

;t « cm m 

4 o no in 

4 0 (20 01 

j 4 « no oi 

| i ti cm in 


«f (hr mnhihihlf" «4 thr wmtm «i tbw* »»Iv«if» if »h* trmprrfttur* of 

A iMiliiliS w»lrf lull*, iiti» tmi» tttr»r*mr%4 through wfillt i«fi <4 it aftittlb (MfWUfWl voluttiti 

©f mrfhvl iilr«|w#| *htrh mm th*»«l «rtllftfefrfy frtlftl tbr MlXlwr WttW lb# 

iy*f#iii wm goiMI to Ii ’ 4 C. 




64 


SOAPS AND PKOTKINK 


V 

ON THE GENERAL THEORY OF THE LYOPH1LIC COLLOIDS 


1. Historical and Critical Remarks 

The experiments detailed alum* on snap water, soup alcohol 
and soap/a; systems help, we think, towards a better underMund- 
ing of a number of technological, physico-chemical and biological 
problems. We wish first to comment ujxm their value for « 
closer definition of the terms hydrophilic w It/tt/dulir inthml, 1 In 
spite of the fact that we now recognize the existence of material 
in the colloid state and utilize its many important pmjMutie*. 
for the solution of technological or scientific phenomena, it is 
nevertheless true that an entirely satisfactory or complete defini¬ 
tion of what constitutes the colloid state is not yet a! hand. 

Perhaps the best, established and most universal character¬ 
ization of the colloids is that, which defines them as diphasic or 
polyphasic systems in which one material is subdivided into a 
second with the degree of subdivision coarser than molecular 
and not so coarse as to fall within the limits of microscopic visi¬ 
bility. From the three states of matter, gaseous, liquid ami 
solid, it is obvious, as first clearly develojied by Woi.kianu 
Ostwald, 2 that nine combinations consisting of the colloid dis¬ 
persion of any one of these materials in any second are jmssihle. 
These may be tabulated as follows: 


yuoinyua liqUUt I» (*»«*<« Mi «*» tf «t» iftMukrt 

Qa * in li « uid (charged liquid in liquid (ftm* mmU ««!•*/ *n tumuli,, m 44 m 

water ) *»«»«) 
gas in solid (meerschaum) liquid in solid 

Of the nine possible combinations eight have 1 lw*en rntlisM**! ft ho 
colloid dispersion of one gas in a second lieing imjKmMblei. 

-, 1 anti M * K!A * ° biH.KKlt: .Science, tH, t l.'t (IftlK); 

ibid., 49, 615 (1919); Chem. hnguuwr, 27, 1H-I (llilfl) 

nwm; There, 

^ A ffi■ C ^K Ch ^^ r, .. t, iT , ? tw, hy MauT! - n 11 a. «. New 
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Of these dt»|M*ix»id*. lilt* one* Ilf greatest interest in con¬ 
nection w tt li the I«*h**ivitir of flit* soaps art* those embraced within 
the heavy black Mpmrc, in other words, those which have* the 
t•<witfMillion liquid |ilits liquid or liquid plus solid. According 
to <>arwAt.i>. flit* former arc tlie emulsion colloids, the latter the 
mtsfiension colloids; or, to adopt the terminology of P. p. von 
Weim\h\\ tlie>’ tire the emuboids mid the sus|>enHoid8. 

The attempt hm I wen iitude to eorrelate the physical pn>|>ertiea 
of each of these sv*t *tiiH null the fnet that the two phases have, 
lit the first instance, n liquid plus liquid composition, or, in the 
second, n litjnitt phis solid mmjiostfioti. In the group of the 
first are found mum of the 4( vinous, gelatinising and not readily 
eoagulttblr M " colloid *olutitms " of A. A. Noyes, 1 or the hydro¬ 
philic or lyofiliilir colloids of J, Phitfux rj and II, PiiKFNOWmi ; 3 
ill the second are the " uoioviscous, non-gelatinising, readily 
mngulnhle M " colloid HU»|tcn*iou* '* of Nov eh or the hydrophobic 
or lyoptiobic colloids of Pmuun and pHEUxnueii. The cor- 
rrliitioii l*efimm the plivsieal state of the phases and the* prop¬ 
erties of the mixed ns stems is not enough, however, to characterise 
them completely, liquid inetciiry in water for example yields 
only ii su*|*eii*inu colloid, ami the same is true of (liquid) oil in 
water; on the other luind, t solid* ferric hydroxid, generally ranked 
among the *ti*| tension rollon is, inis distinctly hydrophilic projx*r- 
ties in high concent rut ion in water. 

Hitch weaknesses in the attempt* to make the term lyophilic 
colloid synonymous nil It emubion eolloid and lyophohic eolloid 
with *u*f tension colloid were recognized by Wolfuano <IhtwaU) 4 
himself, inn I in consequence the effort was made by him to 
overcome such objection by declaring the lyophilic colloids 
4t colloid* of ii higher order/ 1 H|a*eifiriilly he assumed that 
emulsion colloids wwr not, M merely M subdivisions of one liquid 
in ii second, but tlull enrli of the liquid phases W’as itmdf a dis- 
persnid. We shall l«*low that this view* is correct. 

It seems to us flint Ike thumdefmlk different** klicem lyophilic 
atul lifophtinf a&hmU i* mi to l« s mmght in (heir liquid plun liquid 
nr liquid pi mm mini ehtitmitt hut m the fad that the phawM are cither 

1 A A Nitifst* Jniir Ant Hmn H*»c , t7, 85 UU05), 

* J PlJiiliim” Journal <1 r riiiiiiir physique, I* 84 flWIfd 

Ml Fata M»i,n it hollntd-fcafjirhr , 1 # HU ilWH); Kapillarchemtc, 309, 
Imptrn dwm 

* Wow*ti*w« Oiitwm.ii* K»ll«ttl-2iaticbr., II, 230 CM2). 
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mutually soluble or not. (Liquid) wafer and fliquidt oil >i«*ld 
only lyophobic colloids (sus|>en8i<m eolloiils in the «»!«( ter¬ 
minology) because the two phase's are mutually insoluble, but 
(liquid) water and soap (whether liquid or solid» yield lvophilie 
colloids (emulsion colloids in the old terminology) Ihvuum* their 
mutual solubility is high. 

The importance of mutual solubility for the understanding 
of some of the phenomena characteristic of cuboids wan tlmwn 
upon some years ago by W. B. HakdyA IIahoy \ vmh \ the concept 
of mutual solution to explain the physical phenomena encountered 
in the gelation of proteiu-water-salt mixture*, but owing f<» the 
objection that the phases did not show the euimtanf ehemieul 
composition demanded by tluxury, this iuqKirtunt idea wem* n* 
have been largely dropped. For reasons which Invome apparent 
as we proceed, this objection is not valid, and it norms f wimble 
to make a fairly inclusive analysis of what we mean In hydro* 
philic colloids and the changes in their states, ns noun as we add 
to the concepts of mutual dispersion in degrees rouiser than 
molecular and mutual solubility of the phases a third imjMulan! 
point, namely, that of the enormous inerease in viset»sify observed 
whenever two liquids or a liquid ami a solid, thejuwh Vs fH*S*C*S4*ti 
of low viscosity, are Hulxlivit!<*<l into each other. 

To make the last of these jxiints clear, it is only necessary 
to introduce the example of Wolkua.m; Osiw.u.n. of water and 
dry sand, and the observations of J. Fiukouanoku and V. Horn- 
mxjnd on the viscosity of mutually soluble liquids in the zone 
of their critical temperature. While dry sand " runs " easily 
and the viscosity of pure water is relatively low. wet. sand may 
be readily molded and hold its shajH*. The example of the mutu¬ 
ally soluble system phenol/water (which is considered particularly 
apt in the matter of understanding the colloid behavior ,,f 
water systems) is shown in Fig. 47. The Imttle on the extreme 
left contains only phenol (which at IK" (’. is a crystalline mass 
like any “pure” soap at a projjer tenij>erature). The succeed¬ 
ing bottles contain the same weight of phenol, phis gradually 
increasing amounts of water. As more and more water is added 
the phenol fails to crystallize; up to ami including the sixth Is.ttie 
from the left, only “ solutions ” are obtained, hut these are solu- 

aa Jour. Physiol., 24, l.W (IKSKt); Zcitwhr f ph.vmh. t*hrm . 
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tions of water in phenol. The seventh bottle shown two layers - 
below, one of phenol saturated with water; above, a solution of 
phenol in water . With further additions of water the latter tyj>e 
of solution grows at the expense of the former, until finally, in 
the bottle second from the extreme right of the series nothing 
but a solution of phenol in water remains . 1 

Of importance for our further discussion is, first, the existence 
of the two types of solution t that of waterdn-phenol and that of 
phenol-in-water. The physical constants of these two solutions 
are totally different and they behave differently, too, toward 
changes in external conditions like temj»eraftire or the efleets 
of added substances (acids, bases, salts, indicators, etc.). A 
second point of importance is the behavior of such a system as 
is represented in the fourth or fifth bottle from the right when 
subjected to increases or decreases in Unn\n*mUm\ When the 
temperature is raised the watered-phenol phase goes over and info 
solution in the phenolated-water phase. It is characteristic of 
liquids, when their temperature is being lowered, to show a pro¬ 
gressive increase in viscosity. The warmed solution of phenol- 
in-water also shows such a progressive increase in vismsity m 
its temperature is lowered, but, as first noted by Khikdlwihkh 
and Rothmund, this progressive increase shows a sharp break 
upon reaching the critical temperature, at which the phenol 
begins to separate; out. 

This break expresses itself as a sharp rise in viscosity, which 
increases for a time and then falls off again, so that with further 
lowering of temperature a viscosity curve more like the original 
“ normal ” is again obtained. 

We are indebted to Wolfgang Oswald for intuiting out. 
that, in this critical zone.during winch the phenol wafer system 
is opalescent, we are in reality dealing with a colloid system iron- 
sisting of watered-phenol dispersed in phenolated-wafer). 

1 In analogy to what happens in the ‘‘wd ting-out M of mmim, which in the 
subject of Section X (page 93), it is well to explain tin* nature of tin* con¬ 
tents of this right-hand bottle in the series. This was originally nothing hut 
a solution of phenol in water, but through the addition of ordinary table wilt 
the phenol was “salted out” so that now a phenol phase with some water 
dissolved in it (analogous to the salted-out. soap of the mamifi-eturer) is wen 
floating at the surface of the liquid in the kittle. 
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2. On the Theory of Soap Gels 

It is our pur $ h me now In show ihtii the hthavior of the mmp f water, 
mmp alcohol amt Mmp x sysUms previously discussed is also best 
under staid m the t*rms of the submolt cubic dispersion into each 
other of two matt rods posm sunt of a fair dt yree of mutual solubility} 

Wlit 1 !! one !rir h to Mta*t 4 * in the »4titple*4 jHisnihle terms what it 
is that hnp|»en* when 11 definite mixture i»f wmp with some solvent 
{like soap mill water), whirl* at the feitif tend tire of ladling water 
is ii mobile lii|tttd, »* wen to net into a dry, solid muss an its temp¬ 
erature m reduced, it hi **!m easiest tit flunk of tli«* whole as a 
change from ivimt is, »t the higher tem|>erature, essentially a 
solution of soap in miter tit tlnit whirl* in % at the lower temperature, 
a solution of iiulfT i« mmp, Between these extremes and an 
determined hy the tem|w*riiturr and by the relative eonrentra¬ 
tions of mmp and of water, we get various mixtures of solvated- 
soap ill sttfifeivtifer nr of *oiip*Wfiter m solvated-snap. Hie situa- 
tion in the ease of the ftonjw in the presence of limited volumes of 
water m identical, in other words, with the elmugea whirl* may 
Is* mm in mutually soluble systems of the tyjw* phenol water* 
ether water or protein water m studied hy J. FuiKnnANnKK, 
V. Hornet xn, W. }i. Hum* and their various followers. 

Turning first to n study of the mechanism employed for the 
produtiion of these niilniil soap systems, it In evident that they 
are formed for the most part hy " dissolving M a unit weight of 
mmp in n definite volume of wafer nt n rather high tefttfieratiire. 
In the arrefiti**! pur la nee, it may l»e said tliat ihrotigh increase in 
twn|jcratttre the solubility of the mmp in the water is tremen¬ 
dously increased, While tlie lower soaps of the aeetir n<*i«l series 
art* readily soluble in water level* at relnfively low teisi|**rtit tires), 
the tipper iiieintjcr* l«eha%*c like the lower xitctulter* if tin* tem|H*ra- 
ture m raised. The mmp goes into solution in the water, 'Flu* 
truth of this assertion is indicated hy the available physico- 

1 We uni not unawitv* that III# mmmpt "unlutkm ** need* itself to be defirtecl 
While the i»4I «if “sohititifT* r«»ti«ttttin** nhpr# ry ground, we accept, for 
prmpnatir rcitAeii*, im rtmrmlermk of the 41 true*' solution, the teaching* of 
WiiLwiAiiii thrrw*M» and I 1 I* vos Wkim am*, who define mirh solution* m 
diMf tendon* of A m #1 with the degree of niitshvifttori xnramimhle tn molecular 
or smaller value* To miwwm the matter m tin* termi* of A P Matiikws, 
we rimy mx tliat A i» dissolved in If or v»re versa when the solvent ha* over¬ 
come the cohesive force* of the dd*olv«*d Milwitattrcfi At* M aTHKWS hna 
shown, the form* «f mtie«»iii ojierate within twilemlmf ftimeiwioiw 
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chemical observa¬ 
tions which show 
that the lower soaps 
behave “ normally” 
even at relatively 
low temperatures; 
but all the soaps, 
even the higher ones, 
tend to behave os- 
motically, electric¬ 
ally, optically, etc., 
as so-called “ true ” 
solutions when their 
temperature is suffi¬ 
ciently raised 
(Krafft). 

To illustrate the 
matter in crude 
fashion and more 
particularly for any 
of the higher soaps 
(which experiment 
has shown to be 
particularly favor¬ 
able for the produc¬ 
tion of “ colloids ”) 
and to illustrate the 
effects of a lowering 
of temperature, Figs. 
48 and 49 are intro¬ 
duced. Fig. 48 shows 
the results if the 
separating phase has 
a liquid character; 
Fig. 49, if it is solid 
or crystalline. The 
diagrams are sup¬ 
posed to show the 
results when two 
mutually soluble 


SOAP IN WATER 



WATER IN SOAP 
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sutmtaucea, like A 
a,1< i B, (water and 
ma P. or alcohol and 
*oHp) are mixed to¬ 
gether. When B (or 
the Hoap) ia readily 
Holuhie in A and the 
concentration ia right¬ 
ly chosen, there reaulta 
a true solution at the 
higher temfx-rature. 
I his matter ia repre¬ 
sented hy the region 
marked A in the dia¬ 
grams (tlie soap ia 
diafx'rwal moleeularly 
or ionieally in the 
solvent}. Th«* lower- 
inoat memlwra of the 
fatty arid aerie* form 
systems of this tyj>e 
only, even at relative¬ 
ly low teui|x*mturea, 
hut the meml>erH 
higher in the Heriea 
fom> aueh ayatema 
only at the higher 
temperatures. 'I'he 
soap manufacturer 
who makes hi* pmd- 
uet hy " lH)iIing," 
in essence makes hia 
soaps in auch true 
solution. 

What, happens now 
when the tei»ix*rature 
is lowered? The solu¬ 
bility of the soap in 
the water is obvious¬ 
ly decreased. As the 
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saturation point is attained, the soap particles a^mr«‘ not only 
molecular size but more than molecular size. B\ iMiiufion, 
therefore, we approach with falling temperature the realm of tin* 
colloids, or that of dispersions of one material in a second with the 
degree of dispersion showing dimensions greater than molecular. 
The gradual increase in the size of the soap particles lor increase 
in their number) with lowering of the temjHTiittm* in represented 
by the regions B, C f /), E and F in the two diagrams. 

Thus far we have explained merely the production of a colloid 
system by the ordinary process of bringing about submit unit ion 
and an agglomeration of particles previously more highly dis¬ 
persed. It is obvious that such agglomeration may yield either 
a lyophobic (or so-called suspension colloid! or a lyophilic for 
so-called emulsion colloid). The lyophnhie mtltmi results when the 
solvent is not soluble in the precipitating phase; the lyophihe eatlmd 
when the solvent is soluble in the precipitating phase, When snip 
falls out of solution from such a solvent as ally! alcohol the former 
of these possibilities is realized; when it falls out in water, alcohol, 
toluene, benzene, etc., the latter is realized. The black circles in 
the diagram of Fig. 48 or the black crystal musses in Fig. 19 
represent more therefore in the latter instance than u mere pre¬ 
cipitate of pure soap; they are this, plus a certain amount of the 
water, alcohol or other “ solvent 11 dissolved in them. 1 

At a sufficiently low temperature the soap aggregates will have 
become so large or so numerous as to touch and coalesce. If this 
process continues to a sufficient extent the system will ultimately 
represent, in essence, nothing but soap in which the previous 
“ solvent ” has been dissolved. This situation is represented 
diagrammatically by the zone Z of Figs. 48 am! 4th 

A study of Figs. 48 and 49 shows, however, that Mween the 
upper extreme (A) of a solution of the soap in the solvent and the 

1 We do not here distinguish between such “dissolved" water find water 
of crystallization. Obviously both values are included. While we have no 
desire to trespass upon the fields of theoretical chemistry we feel strongly 
compelled to the view that “solution" always means (chemical) union Iwtwmi 
solvent and dissolved substance. In the “dilute" solutions this effect is 
largely lost sight of, however, because of the large overplus of the pure 
solvent,” the properties of which then continue to dominate the whole 
system. The union between solvent and any sulwtance X newl not, more¬ 
over, be of one kind only. When phenol dissolves in water one type of union 
between the two is accomplished; when water dissolve® in phenol the combi¬ 
nation is a totally different one. 
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lower extreme iZi of u solution of the solvent in the soap, there 
exint two main /.one* of mixed systems, one below the upj>er (B f 
(\ l) mill E\ consisting of a disjiersion of solvuted-soap in the 
soajMnl-Holvent* and n second itlmve the lower (Y t A r , W ami V) 
consisting of fumiMMl-Holvent. in the solvated-soap. Them* two 
min'd nydenm are in runnier u emulmonn" (if Iwitli phases are 
lk|lliti) or M nun^nnumn *' <if at least one phase is solid) but of 
opposite tm#*; mid m nueh i even when of the same quantitative 
chemical constitutionl an pumeume! of totally different phynical 
properties. The former rurresjamds, for example, to an emulsion 
of otl-tit-wafer or a suqwnsion of quurt%dii-wutcr; the second to 
an emulsion of wiiter-in-oil or n system of wiiter-in-quartz. And 
as the former um illustrated by milk I will mix with water, wet 
piiiM*r and show ii eertuit* viscosity value, the hitter (as illustrated 
by butter) will mix only with oil, will grease paj«*r and show an 
entirely different viscosity, 1 

Returning to the lyophtltc waps and the diagram, it is obvious 
that as we descend, with lowering of temftrrtiture, from the region 
A f we pass, in the regions H, t l and />, through increasingly viscid 
liquid colloid “ solutions," hut all of them emulsions or HUHj>en- 
sions of the ty|H^ solvated*miap in sonjasl-solvent. In the region 
K t the particles of wtlvatrd soap almost touch, and here the highest 
(liquid) viscosity is obtained. In F they do touch ami now form 
a continuous external phase. At this f joint we change to the 
op|**site type of emulsion or sus|a*nsion the previously liquid 
colloid Incomes solid, or, as we say, if gets. As we shall show 
later 3 the two tyjir* of system not only have different physical 
constants hut laduive differently toward such added materials as 
indicators. 

* Ht*e in tilts winiiivtiiisi Martin II Pwmit and Maks an 0. Hookkr 

Bciesire, It, 4ftn i Witte M orm II Fisrtiiui: Fats Mid Fully Ik»gi*nmti<>n, 
20, New York 11917« 

s 8er imgr 77; ml«* Martin II PinettKit: Hrienee, 49, 615 (1919); 
Ctetn Engm«er, *7, 271 (1919). 
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VI 

DEFINITION OF HYSTERESIS, SWELLING*, LIQUEFACTION, 

GELATION CAPACITY, SOLVATION CAPACITY, SYNERE- 

SIS, SOL 

We should now like to emphasis* how this concept of the 
changes which the soaps suffer in passing from liquid sols to dry 
gels may help to explain a number of the " strange *' ehnmct er¬ 
istics of colloid systems. 

1. A first question under this heading in that of the nature 
of hysteresis , more particularly that observed when a colloid in 
subjected to changes in tcmjxruturc. The imjmrtance of the 
thermal history of a colloid system is constantly stressed. It 
is generally true of the lyophihe colloids that wheat subjected 
to heat manipulation they tend to hold fast- to the* characteristics 
of their previous states. A colloid on cooling, for example, first 
sets at a certain temperature*; yet the same colloid after setting, 
fails on reheating to liquefy at this temj>omture it usually 
first “ melts” at a higher one. In fact if may he* said quite 
generally that the curve showing the* increase in viscosity of a 
lyophilic colloid with lowering of temperature is rarely identical 
with that portraying the decrease in viscosity when the teinper- 
ature is raised through the same range*. If the fact is remembered 
that the absolute values of two mutually soluble substances are 
rarely the same, and that the rates at which they go ink) solution 
in each other are usually different, many of these difficulties 
disappear. Figs. 48 and 49 show diagrammatieally not only 
what happens when the temperature of a solution of soap in some 
solvent is lowered but also, in the lower halves of the pictures, 
the effects of warming a gel Increasing the* tenq>erature of the 
original solvated-soap shown in region Z Increases the? solubility 
of the soap in the water, and so tin* colloid dispersion Y results, 
consisting of soaped-solvent in solvated-soap. Further increase 
in temperature yields the regions X and lf s but, because of the 
persistence of the solvated-soap as the external phase*, all these 
regions continue to show a rigidity or viscosity higher than that 
of systems of the same quantitative composition produced by 
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a lowering of fempemture from a higher level The gel first 
shows signs of liquefaction where the son |>ed-sol vent particles 
begin to touch and thus to form the externa! phase, as in the 
regions V or IL It is for these reasons that the regum of greatest 
ambiguity and of greatest hysteresis in found in the broken, middle 
portions of the diagram it), K t F and W, V, {/). Just as long 
periods of time art* required to make* solution phenomena attain 
their final values, just so must mutually soluble systems subjected 
to changes in their environment be exacted to come only slowly 
into a state* of their final equilibrium. 

2. Home years ago we showed, in the case of gelatin, 1 that 
the “ swelling " of this substance anti its tigMfaction are not 
identical processes and that tin* latter is not a mere continuation 
of the former. When ordinary gelatin is thrown into water, 
it swells up somewhat, but the amount of this swelling is enor¬ 
mously increased if a little acid is added to the water. If lique¬ 
faction wen* a mere eontimmtion of this swelling, then the addition 
of a little arid to a gelatin near its gelation jaunt ought to make 
it set. As a matter of fact.., not only does this not hapj>en, but 
the addition of sueh arid to a previously solid gelatin makes it 
liquefy. As maintained at that time, an increased u swelling ” 
was declaml to Is* an increased capacity for faking up the solvent; 
an increased tendency to liquefy, the expression of an increase 
in the degren* of disjierston of the colloid material 

The concept of the lyophilie colloid as here developed now 
permits us to state more clearly just what each of these* views 
embraces. Inereaml swelling due to increase in hydration or 
solvation capacity means increased solubility of the solvent in 
the disjiersed substance. When acid is added to gelatin (thus 
forming an acid gelatiuate) water is more soluble in the newly 
formed material than in the neutral gelatin. Acid is therefore 
said to increase the swelling of protein. But an acid proteinaie is 
also more soluble in water than is the neutral protein. If the 
concentration of the system is proj>erly chosen, the addition of 
acid will therefore make a gelatin/water system, solid by itself, 
tend to remain 11 in solution ” or, as more generally stated, the 
gelatin fails to “set.” Expressed the other way about, the presence 

1 Martin II Fischer: Science, 42, 223 (1915); Martin H. Fischer 
and Marian O, Hooker: ibid , 46, 1K9 (1917); Jour, Am. Chem. Boc., 40, 
272 (1918); ibkl, 40, 292 (1918); ibid., 40, 303 (1918). 
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of acid makes the gelatin “ liquefy” or “ go into solution.” Using 
Figs. 48 and 49 to illustrate what has been said, the addition of 
acid to a previously solid gelatin moves the whole system from 
some such lower region as r l , Y, X, or W into one of the upper 
zones like V or U. 

.3. Throughout the experiments described in the previous 
sections we have used the formation of a dry gel as the measure 
of the “ gelation capacity ” of a colloid. We may now attempt 
to say just what this means. It obviously includes more than 
the term solvation capacity. The latter measures the solubility 
of the solvent in the colloid material and is synonymous with the 
swelling capacity. Gelation, however, includes not only this 
value but more—namely, everything embraced within the region 
of the emulsification or enmeshing of a “ solution ” of the colloid 
material in the solvent, within the solvated colloid as an external 
“ dry ” phase. It embraces everything in Figs. 48 and 40 up 
to and including the zone V. 

4. Just above this region it is apparent that the, more solid 
phase may no longer be adequate to enclose all the u solution ” 
of colloid in solvent. When this upper region is reached the 
colloid system tends to “ sweat ”* -or to use the term of Thomas 
Graham the gel shows “ syneresis We may still have before 
us a gel, but it is now no longer “ dry.” 

When the dispersion of a liquid in an enveloping phase which 
is also a liquid is compared with the dispersion of a liquid in a 
more solid (crystalline) phase, (as indicated in the zones V of 
Figs. 48 and 49) it is clear that the tendency to “ leak ” the 
liquid phase is greater and is more likely to occur early in the 
case of the latter system than in the former. It is for this 
reason that the more “ solid ” gels regularly show earlier and 
greater syneresis than the more “ elastic ” or “ liquid ” gels. 

To go sufficiently above the region V is to be in the. regions 
E and D. We now no longer say that there is HyneresiK or that 
this has become excessive but we say that the gel has gone into 
or persists in the “ sol ” state. 

5. As a final word we should like to emphasize the fact that the 
concept of the lyophilic colloid as outlined here sets no limitations upon 
the nature of the materials that may make up such a system and 
makes no specifications as to the nature of the forces which guarantee 
the stability of the colloid system . They are in general any or all 
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the forces which ap|>enr in or are operative in solutions of the 
most varital kinds. This in emphasized because there has b«*en 
much writt4*n, for example, regarding the all~im|>ortant elTectH 
of the elecirinil charges in determining the stability of colloids 
in general and of the lynphilic colloids in particular. We do 
not wish to deny the irnfMirfnnee of this factor in name colloid 
systems or under trrtnm conditions, but it is too narrow a view 
to take of what constitutes tlit* lyophilie colloids in general. While 
the play of electrienl forces may he apparent in systems eomf»osed 
of soaps and water, in those of proteins and water, etc., lyophilie 
colloid systems may be built up, ns illustrated in the preced¬ 
ing pages, of materials in which the electrical factors are either 
negligible or absent entirely. It will prove somewhat difficult, 
to say the least, to conjure tip orthodox electrical notions in 
systems containing nothing but soaps with anhydrous alcohol, 
toluene, benzene, chloroform or ether. 


VII 

ON THE REACTION OF SOAPS TO INDICATORS 

In order to get ground materials of strictly reproducible type 
for the observations on soaps detailed in the precluding pages, 
we followed the exjmtlient of producing 44 neutral ,f soaps by 
simply adding to each other the necessary grain equivalents of 
highly purified fatty acids and carefully standardized solutions 
of alkali. We found that this method yielded more satisfactory 
results than that of others who tried to obtain 44 neutral/* 44 slightly 
alkaline ” or 44 slightly acid " soaps by adding to each other fatty 
acid and standard alkali until some chosen indicator was pre¬ 
sumed to show the mixture neutral, alkaline or acid. As the next 
paragraphs will show, such indicator methods as ordinarily 
employed are highly fallacious. As a matter of fact the errors 
incident to the approach to the problem by the latter method 
have long \m*n familiar to the practical soap chemists, for they 
have for decades past determined the presence of 44 free alkali ff 
or 44 free fatty acid " in their soaps by indirect methods. The 
following observations not only show how unreliable are the 
commonly employed indicator methods but why they must be so, 
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not only in the specific instance of the different soaps hut in all 
similar colloid-chemical systems as represented by the most varied 
types of chemical reaction encountered in technologies!.! pracf ice and 
in living cells under physiological and pathological circumstances. 1 
Incidentally they also bring proof for the theoretical views devel¬ 
oped above, according to which the system, soap-dissolved-in 
solvent is something totally different from the system, solvent- 
dissolved-in-soap. 


§ 1 


Our fundamental conclusion may be stated thus: When a 
“ neutral ” soap has been, produced through cornin'not ion of the 
necessary gram equivalents of pure fatty arid with standard alkali 
it is either acid, 'neutral or alkaline to such an indicator as phenol - 
phthalein , depending upon the concentration of the water in the 
system. 

For purposes of illustration we may choose the Ixdiavior of a 
rather concentrated solution of sodium oleate, as one made by 
combining one mol of fatty acid with one liter of normal sodium 
hydroxid solution (practically a molar or 30 percent " solution M 


of the soap in water). Phenolphthalein added to such a concen¬ 
trated sodium oleate/water system remains colorless, as shown 
in the lower portions of the test tube of Mg. 50. Ah noon, how¬ 
ever, as water is added to this colorless mixture it logins to turn 
pink, and, with increasing dilution of the. soap, becomes bright 
red, as evidenced in the upper portion of the tube in Fig, 50. 

What has been said of sodium oleate is true in general of all 
the soaps (excepting such very low memlwrs as the formates, 
acetates, etc.) though for demonstration purj>oBes the higher 
fatty* acid soaps with their lower solubility in water are bet ter 
than the soaps of the lowermost members in any fatty acid series. 
An indicator (like phenolphthalein) added to a chemically neutral 
sodium palmitate or sodium stearato/water system (either a solid 


It may be well to emphasize here that normal cells are essentially sys¬ 
tems of water-dissolved-in-profcein . Indicators are therefore trickiest/when 
applied to these systems. In disease the affected cells suffer changes which 
often are m the direction of “true” solution, in other words, the cells tend to 
develop into systems of the type, protoplasm-dissolved-in-water. Indicator 
methods become more reliable as this happens hut only for those jmrtionn of 

volume W lUh aVG ° ^ tme ” 80lutim iype ' >Scc ilm hder of this 
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gel or a U<|tiicl mixture! funis the liquid jwirfion of flic system a 
bright rod while the musses of soap floating in thin liquid remain 
pure white. 

The common explanation of whit! hapjMms in these instances 

is, of course, that of the physical chemists, who assume that in 
the eoneenfrated soap ** solution ’* there is little hydrolysis of the 
soap, while in flu* more dilute one sueh 
hydrolysis is increased and, sodium hydmxid 
being a stronger alkali than oleic* ueid is an 
acid, an indicator at oner tea rays tin* excess 
of hydroxyl ions. 

Without listing tin* objections whieh may 
be mined against sueh an explanation 
(whieh at te*st accounts for but a small |h> r~ 
tion of what happen*h it seems necessary, 
in order to get a more satisfactory interpre¬ 
tation of the whole picture, to cull to mind 
the physical constitution of the lyophilic 
colloids as previously discussed in these 
pages and, in the rase of the soaps, to dis¬ 
tinguish te*tween the tedtnvtor of those |Hir» 

(ions of such systems which have the corn- 
jmslfion water-dissolved in-soap and those 
which have the romjxisitiou soap-dissolved- 
in-wuter. The two are totally different, 
and, while indicator methods may he used 
in an attempt to analyze the latter, they 
need not he land are not I so applicable to 
the former. The so-called concent rated soup 
“ solutions " are essentially solutions of the 
solvent in the soap, while the more dilute 
ones are systems of tin* opjawite ty|x\ and 
physico-chemical methods and tin* laws governing dilute* solutions 
may therefore he applied only to the latter. 

The correctness of them* various deductions may he tested by 
the use of such nn indicator as phenolpht halein upon solid soap 
gels which, as previously emphasiml, represent mixed systems of 
soap-water in (solid! solvated-soap, If phenolpht halein is applied 
directly to a fresh section of sodium stearate*, for example, the 
framework of the get (in other won is, the wnter-in-soap |x>rtion 
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of the system) remains uncolored while the contents of this frame¬ 
work (the soap-in-water portion) turns bright red. A drop of 
phenolphthalein solution dropped upon a 10 percent sodium 
stearate/water gel remains uncolored. If, however, the gel is 
slightly squeezed (which breaks the encircling hydrated sodium 
stearate film and squeezes out the enclosed solution of soap-in- 
water) the spot turns bright-red. Any other solid soap/water 
system behaves in similar fashion. 

Another variant of the experiment may be made by warming 
a concentrated sodium oleate or other soap solution which at 
ordinary temperature fails to color to phenolphthalein. Such a 
mixture, on being warmed, turns pink. While it is ordinarily 
said that under such circumstances the hydrolysis of the soap is 
increased, it is equally true that such a temperature change marks 
a displacement in the system from a solution of the solvent in the 
soap to one of the soap in the solvent. 

To make sure, for experimental purposes, of definitely “ acid ” 
or “ alkaline ” soaps we have added to our chemically “ neutral ” 
soaps (like molar sodium oleate) known and large surpluses of free 
fatty acid or alkali. When free fatty acid is added it emulsifies 
readily in the soap, yielding a mixture more viscid than the origi¬ 
nal soap gel and practically as transparent as the original sodium 
oleate. Phenolphthalein added to the mixture remains colorless. 
Still, when water is added to such an obviously “ acid ” soap, 
the mixture turns pink or bright red as the added water is 
increased. The opposite type of experiment may be made by 
adding an excess of sodium hydroxid to the sodium oleate. 
Under such circumstances the mixture may assume a pinkish 
tinge, but this is because the excess of sodium hydroxid is hydrated 
and separates out in emulsified form in the chemically “ neutral ” 
sodium oleate. 1 It is not the hydrated soap but the hydrated 
sodium hydroxid which turns pink. When instead of sodium 
hydroxid, sodium chlorid is used, such pinking of the system does 
not follow. Hydration of the neutral salt occurs and the mixture 
becomes more viscid, just as when sodium hydroxid is added, but 
since sodium chlorid is neutral and since the soap is not soluble in 
the salt-water no change in the color of the indicator becomes 
manifest. 

1 See page 93 on the salting out of soaps. 
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§2 

We emphasize these fwdnts because in technological practice 
it in often of inueh importance to know whether the system 
worked ujnm is “ acid/’ * 4 alkaline or 4 * neutral ” in reart ion. 
The above observations may serve to show with what extreme 
care any deductions derived from the application of indicator 
methods (or other methods of determining hydrogen or hydroxyl 
ion concentration) must be applied to such systems if they are of 
the lyophilie colloid tyja*. The indicators may help uh for thane 
port torn of the system which are of the composition x-tlissolved-in- 
water hut they do not necessarily tell im anything of those portions 
composed of wateredissolredo n - J. 

With regard to the sf»eeifle problem of soap manufacture, we 
may say that the prof sal ions of fat tea fatty aeid), alkali and 
water as chosen in common practice are such m yield only water- 
in-soap tyfiCH of systems when the cold process is followed. The 
same is true for the r<«>led systems when the soap is made by the 
hot process am! indejamdently of whether the soap ban been salted 
out (by sodium ehlorid) or not. While the soap is boiling it 
represents a mixture of wiiter-in-soap and snap-in-water. If indi¬ 
cator methods art* used on such a system and at higher tempera¬ 
tures this much may be said for them. Any boiling smp which in 
just alkaline to phenolphthnlein (decidedly pink ) wilt bit less alkalirm 
(colorless) when cooled. It may } on cooling , still contain free fatty 
amt , bid it will not hold unmmhined alkali. 

We have already emphasized the im|>ortant applications of 
these principles to various biochemical reactions and to problems 
in biology and medicine. 1 We shall return to the problem later. 2 
Suffice it at this time to emphasize the fact that the reactions in the 
solid tissues of the body (including for the most pari those in the 
major portions of the blood and lymph) are reactions in a medium 
analogous to a concentrated soap. The reactions, on the other 
hand, occurring in the watery secretions from the body (like the 
urine and sweat) occur for the most part, in a system analogous 
to diluted soap. Indicator methods may la* applied and with a 
fair degree of accuracy only to the latter systems; their appliea- 

1 Bee Marti?? II. Fischer: (Edema and Nephritis, 2nd Ed., 324, 512, 629, 
New York (1915); 3rd Ed,, 368, (M2, 765, New York (1921). 

1 Bm pap 229, 
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tion to the former type of system must be carried out with the 
greatest caution, if, indeed, they may be used at all. \et it is 
the common practice of biochemists and biological workers to 
hold that protoplasm, too, is something analogous to a dilute 
solution. 

The observations detailed above carry with them an inter¬ 
esting corollary. The color changes of indicators arc in tins major¬ 
ity of instances assumed to be dependent upon a play between the 
concentration of the electrically charged hydrogen and hydroxyl 
ions. If this assumption is held true for phenolphthalein (or for 
any other indicator which is held to act in this fashion), and 
especially if any one maintains that such indicator methods may 
be applied to concentrated lyophilic colloid systems, then the 
conclusion is inevitable that these concentrated systems contain no 
suck ions. The matter is of significance because living matter 
(normal protoplasm) does not behave, as is so widely assumed, as 
water containing a little colloid, but rather as a colloid contain¬ 
ing some water. 1 If this be true- and all experimental evidence 
supports such a conclusion-then the material which we call living 
matter is probably under normal circumstances as electrically bland 
as is a concentrated soap solution, a conclusion not to be overlooked 
in a day when the explanation of almost every fundamental life 
process has been assumed to have been found in an electrical 
notion of some kind. This criticism is not to be misunderstood. 
Differences in electrical potential, in ionization, etc., do come 
about in living matter, but they are more probably the results of 
and the expression of injury to the involved structures than 
of their normal life. 

1 Martin H. Fischer: (Edema and Nephritis, 3rd Ed., New York (1921) 
where references to the first publications on this subject may be found. 
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VIII 

ON THE PHYSICAL STATE OF SOAP MIXTURES 

The experiments previously detailed .show that the different 
soaps differ among f heuiM'lve* in f heir absolute gelation capacities. 
Speaking generally, liunkitcs hold loss of various u solvents M 
(like water i thim chemically comparable amounts of tho oleates, 

and these hold less than equimolar umotmts of the stearates. 

Within the acetic Morins itself t he lower members am loss hydra- 
table* than the u |>|h *r . Tin* question therefore arose us to what 
would hapfMUi if two Midi soaps of different hydration rapacities 
eom|M*ti‘d for a fixed volume of water. This is, in essence, the 
question of technological importance when in commercial soup 
inanufaeture a mixed soup is prepared in a limited volume of 
water from the mixture of fatly acids obtained from any ordinary 
mixed giyeerid. 

A first exjierimeut under this head was made by adding to 
a hot sodium stearate solution increasing amounts of hot sodium 
oleate. The act mil mix! tires are shown in Table XXII. 

The sonps were added to each other at the temperature of a 
boiling water hath and, after careful mixing, were allowed to eool 
to 18° (\ The results of fids ex{w*riment arc 1 shown in Fig. 51. 
Ah indicated in the first bottle on the left, sodium oleate is, even 
at the maximal concent ration employed in the* series, a mobile 
liquid. The bottle on the extreme right shows that sodium stea¬ 
rate at the eoneentrafion chosen is a white solid. As evidenced 
in the* bottles fwtween these two extremes, the presence of t he 
sodium oleate interferes with the solidification of the* whole mix- 
tun*. Kven when these mixtures am kept standing for months 
they do not go solid. 

A second ex|»eriment under this heading was made by adding 
sodium oleate to sodium palmitate. The mixtures, prepared in 
a boiling water bath, had the composition shown in Table* XXIII. 

The ap|H*aranee of these mixtures on cooling to 18° (\ is shown 
in Fig. 52. While the sodium palmitate will hy itself yield a white 
solid, admixture with sodium oleate prevents this, and does so 
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in increasing degree with its concentration in the mixture. In 
the mixtures containing the larger amounts of sodium oleate, 
the sodium palmitate floats in masses of silky needles within a 
liquid menstruum. 



In a third experiment the effects of mixing sodium linolat 
with sodium stearate were studied. The composition of th 
mixtures is given in Table XXIV. Fig. 53 shows that whe: 
the previously clear mixtures prepared in a boiling water bat 
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are cooled to 18° C. the linolate with its lower absolute gelation 
capacity again dominates the mixture. While the pure stearate 
is solid, admixture with sodium linolate yields increasingly softer 
or liquid systems. 



A final experiment was made by mixing two soaps of 
he same scries, namely, sodium caprylato with sodium stearate 
as indicated, in Table XXV. The results of this experiment are 

visible in Fig. 54. The physical state of the soap mixtures is 
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again dominated by the soap of the lesser absolute, gelatioi 
capacity. 

These several experiments show, therefore, that, in any soa] 
mixture it is the soap with the lower absolute gelation eapae.it; 
which gives the deciding character to the mixture. In tryinj 
to account for this, it is of interest, to point out. that, the simple 
soaps, or those lowest in any aeries, stand closer to the ordinar 
“salts” of the physical chemists than do the more complex o 
higher soaps. The lower soaps, as it. wen*, “ will-out ” the highe 
ones as do the ordinaiy neutral salts when added to the soaps 
This matter will be discussed later. 1 


TAMI.K XXII 

Sodium Oleatk—Sodium Stearate Mixture# 


(1) 

35 

cc. m/2 sodium oleato +70 

cc. 

HjO (control) 

(2) 

7. 

5 cc. “ 


44 4*27.5 cc. 

44 f 70 cc m 10 pKwiium itftamt® 

(3) 

15 

cc. 4 ' 


44 +20 

cc. 

44 f 70 cc 

(4) 

20 

co. “ 


44 +1.5 

cc. 

44 +70 cc 

(5) 

25 

cc. " 


4 +10 

cc. 

4, f 7() 

(6) 

30 

cc. 4 


44 + 5 

cc, 

.. j 7o f . f . 

(7) 

35 

cc. 44 

4 4 

“ +70 

cc. 

m +0 sodium stearate 


(8) 35 co. HaO + 70 cc. m/H) sodium stearate (control) 


TABLE XXIII 

Sodium Oleatk—Sodium Palmitatk Mixture# 


(1) 35 cc. m/2 sodium oloate + 70 cc. H*0 (control) 

(2) 5 cc. 



4 4 +30 co. 

44 +70 cc. m 10 sodium palmitata 

(3) 10 cc. 



44 +2,5 cc. 

4 4 +70 cr. 41 

(4) 15 cc. 



44 +20 cc. 

44 +70 cc. 44 

(5) 20 cc. 



44 +15 cc. 

** +7() cr. 44 

(6) 25 cc. 



44 +10 cc. 

44 +70 cc. “ 

(7) 30 cc. 


' * 

44 + 5 cc. 

44 +70 cc. 44 

(8) 35 cc. 


‘ * 

44 +70 co. m/10 sodium palmitat# 

(9) 35 cc. HaO+70 cc. m/10 sodium palmitate 




TABLE XXIV 

Sodium Linolatk—Sodium Stearate Mixture# 

(1) 35 cc. m/2 sodium linolate+70 cc. 

HaO (control) 

(2) 5 cc. 

4 4 

* * 

4 4 +30 cc. 

44 +70 cc, m 10 sodium stearate 

(3) 10 co. 

‘ ‘ 

‘ * 

44 +25 cc. 

44 +70 cc. 44 

(4) 15 cc. 



4 4 +20 cc. 

4 4 +70 cc. 44 

(5) 20 cc. 



44 +15 cc. 

4 4 +70 cc. 44 

(6) 25 cc. 



44 +10 cc. 

4 4 +70 cc. 44 

(7) 30 cc. 



44 +5 cc. 

44 +70 cc 44 

(8) 35 cc. 



+70 cc. m/10 sodium stearate 


(9) 35 cc. HaO+70 cc. ru/IO sodium stearate 


1 See page 93. 
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TAHI.K XXV 

Sodium C'ai'kyi.atk—Sodium Stkahatk Mixtukkm 


<1) 30 

ee, 

4 

misodtum eapryltiie 1 70 

ee. 11*0 (eontroi) 


(2) 1 

ee, 

4 


f 29 

ee. *’ 

f 70 ee. m 10 nodium Hte&ra.t« 

(3) 2 .5 

ee. 

1 

m 

* • f 27 5 

ee. ** 

f 70 ee, '* 

.. 

(4) 5 

ee. 

4 

m 

“ f 25 

ee. *’ 

f» 70 ee. * ’ 


(5) 10 

ee. 

4 

m 

*' f 20 

ee, * * 

f 70 ee 


(6) 15 

ee. 

4 

m 

Hf> 

ee. 

f 70 ee. '* 


(7) 20 

tie. 

4 

m 

*’ k 10 

ee 

f 70 ee ** 


(8) 25 

esc. 

A 

m 

* ■ f;» 

ee 

f 70 ee 


(9) 30 

ee. 

4 

m 

t 70 

ee m 

10 Kodtum atemmte 


(10) 30 

ee. 

HaO+ 70 vv 

m 10 wwhum nfmrnte 




IX 

ON REVERSIBILITY IN SOAPS 

§ 1 

We noted early in ear exjM»riment8 that the physical con¬ 
stants of the alkaline earth and heavy metal soaps, m ordinarily 
prepared by precipitation of a sodium or potassium soap with 
the salt of a heavier metal, were different from those of these 
same soaps when prepared directly from a proper fatty acid and 
a metallic hydroxid or oxid. We attributed the differences to 
admixture of the heavy metal soap with the original soap. As 
a matter of fact, we always deal in soaps thus prepared with a 
mixture, in equilibrium, of the two soaps. In order to study the 
matter further we j>erformed the following experiments on the 
reversion of soaps of the alkaline earths and the heavy metals 
into the soaps of the alkali metals under the influence, of alkali 
hydroxids. 

The results in the case of a series of oleates may l»e thus illus¬ 
trated. Molar equivalents of the hydrated oleates pictured in 
Fig. 2 and dcscril>ed in Table III were placed in separate vials. 
The actual amounts were as follows: 


Magnesium oleate . 5.1 grams 

Calcium oleate... 3,8 grams 

Lead oleate.. 4.2 grams 

Mercury oleate... 4.2 grams 

Barium oleate.... . 2.6 grams 


These soaps were covered with 10 ee. normal KOH (the amount 
necessary to convert, if possible, all the heavy soap into potassium 
soap). The appearance of the soaps immediately after addition 
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of the alkali is shown in tin* upjxt row of Ftg. Within a 
hour after adding the potassium hydmxid nil the snaps boga 
to swell and to become covered with gelatinous films. Thi 
change to potassium oleate was particularly rapid in the ma* 
nesium and lead soaps. But it, occurred in all. so that after a 
hour enough potassium soap was formed to make the liquit: 
covering the metallic soaps show jwrmanent foams. 

These changes occur in the cold ami even when the react i<> 
mixtures are not stirred. Heating and stirring, however, haute 
the process. In either event a high degree of reversion is ohtaine 
as indicated by the lower row of Fig, 55, which shows the ap|M*a; 
ance of the soap mixtures after standing at room tem|H»ratui 
for forty-eight hours. Ho much potassium oleate hail forme 
that all the systems were highly geiafinoUH. 

A similar reversion from t hr si earn ten of the alkaline eartl 
and the heavy metals into sodium stearate is shown in Fig, 5< 
The upper row shown the vials with their molar equivalents < 
the different stearates prepared as describ'd in Table IV (an 
Fig. 3), just after 10 cc. normal sodium hydmxid had t*een wide 
to them. The actual amounts of soap in the vials wen* as follow 


Magnesium stearate .... $ 50 grama 

Calcium stearate. 7 05 gram# 

Mercury stearate..... , H 05 grams 

Lead stearate....... 7 50 gram* 

Barium stearate.. 5 87 grit aw 


After addition of the sodium hydroxid the mixtures were kej 
warm for one hour at 75° O, The apfjearance of the same mm 
mixtures forty-eight hours later is shown in the lower row < 
Fig. 56. The reversion to sodium stearate is ho great that i\ 
the mixtures are now solid gels. 


§2 

These experiments on reversion in soaps are of chief intere 
to us because the soaps in their colloid-chemical Iwhavior am lil 
the proteins of the living cell. The heavy metal soaps are lil 
the heavy metal prot.einates which are produced when the livii 
cell is poisoned with lead, mercury, etc.; and just as the hea*\ 
metal soaps may be converted into those of the lighter metal 
cells poisoned with heavy metals may be aided in their restoratic 
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to the more normal state by the administration of properly 
chosen salts of the lighter metals. 1 

There, exist, however, processes in pure soap manufacture 
which have long made empiric use of the facts detailed above. 
Instead of hydrolyzing fats with sodium or potassium hydroxid, 
they are often hydrolyzed with calcium hydroxid. Under such 
circumstances calcium soaps are produced which, as formed, have 
little or no 11 washing ” projjerties. The calcium soaps art* then 
converted into sodium or potassium soaps by treatment with 
the carbonates of them? metals. 


X 


ON THE 44 SALTING-OUT n OF SOAPS 2 

The previous pages 3 have shown that the absorption of water 
by various pure soaps (and hence their*physical state) dejnmda 
upon (a) the kind of base? combined with a given fatty acid, or, 
with a given base (b) upon the nature of the fatty acid. It is 
the purpose of this section to describe the influence which the 
addition of different electrolytes has upon their physical state. 
We shall first descriln*. the action of different salts upon a single 
soap, namely, potassium oleate; later the effects of one salt 
upon different soaps. The? practical and theoretical deductions 
drawn from them* materials will then \m correlated with the* vari¬ 
ous empiric practices of the* soap manufacturer and allied scien¬ 
tific studies in this field, 

1. On the u Salting-Out ** of Potassium Oleate 

The potassium oleate used in these experiments was prepared 
by adding to the molar weight of oleic aeid expressed in grama 
(282.27) 1000 cc. of a normal KOH solution. The oleic acid 
and the potassium hydroxid solution were heated separately in 
a water bath and, at the temperature of the boiling water, the 

1 Bee page 240. 

3 Martin H. Fischer and Marian O. Hooker: Science, 48, 143 (1918); 
ibid., 49, 015 (1919); Ghem. Engineer, 27, 225 and 253 (1919). Hee also 
page 205. 

8 See pages 10 and 15; also Martin H. Fischer and Marian O. 
Hooker: Ghem. Engineer, 27, 155 (1919); ibid., 27, 184 (1919). 
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A’ 

oleic acid was poured into the potassium hydroxid. The mi] 
ture was stirred and heated, with careful avoidance, of evap< 
ration, until a clear, viscid liquid was obtained. Whenever ox 
stock or standard potassium oleate solution is mentioned in tJh 
following experiments one prepared in this fashion is referred U 
At room temperature this stock is strongly alkaline* to litmi 
paper but phenolphthalein when added to it remains colorless. 1 

1. We tested, out, first, the effects of adding different amount 
of water to the standard potassium oleate. The stock soap whe 
prepared as described has the viscosity of a syrup at ordinar 
temperatures (18° Cl). The addition to this of progressivel 
greater amounts of water merely serves to decrease its viseositj 

2. We next tried the effects of adding progressively greatc 
amounts of various alkalies (KOII, NaOH and N!M)H) to th 
standard soap. While from a chemical standpoint it mattei 
little how a mixture is made, it makes much difference from 
physical point of view as will be discussed later. When nc 
otherwise specified the mixtures throughout these series wer 
made in the sequence in which they appear in the tables. In Tabl 
XXVI, for instance, the water was first added to the soup an 
mixed; then the KOH solution was added and the whole agai 
mixed. When not otherwise specified, all combinations wer 
made at room temperature which in the room employed and a 
the time at which we worked (the winter of 1917 and 1918 
remained continuously close to 18° (1 The descriptions an* 
photographs refer to the appearance of the mixtures twenty-fan 
hours later . 

Table XXVI and Fig. 57 show t he effects of adding potassiun 
hydroxid. It is obvious that the control soap with water mix 
ture is a mobile liquid. The first additions of potassium hydroxi* 
to this mixture serve to increase its viscosity as evidenced in th 
tubes marked 1, 2, 3 and 4. But beyond this point furthe 
addition of the potassium hydroxid begins to bring about i 
dehydration of the soap which increases progressively until, h 
the tube marked 10, the soap is found floating as a thin laye 
at the top of the clear dispersion medium. 

The effects of sodium hydroxid upon the standard potassiun 
oleate are similar to those of potassium hydroxid as apparent h 

1 See page 77 for a discussion of the meaning of indicator methods whe 
applied to these soap systems, 














THK CH )LIX>11>-('HKM1STKY OF SOAPS 


95 


Tabic XXVII and Fig. 5K. There in at first a progressive increase 
in viscosity until a Iwautiful gel is formed. Further addition 
of the alkali then brings about a 
separation of the soap from the 
water as already described for 
potassium hydroxid. 

Table XXVIII and Fig. 59 
show that none 1 of these tilings 
hapjien when equinormal ammo¬ 
nium hydroxid is added to the 
potassium oleute. In fact, even 
if the concent rat ions of the 
ammonium hydroxid an* carried 
beyond those! in the table no 
gelation and no separation of 
the soap occurs. The reasons 
for this am discussed later. 

The! fact of interest in thorn 
parallel series of ex|M*rimrnts is 
that the sodium hydroxid leads 
to increase in viscosity and the 
setting of the soap into a solid 
jelly at a somewhat lower con¬ 
centration than is the case for 
potassium hydroxid; and this 
same shifting of effect toward 
the left is true of the separation 
of the soap from the aqueous 
dispersion medium in the*, higher 
concentrations of the alkali. 

To the meaning of these! things 
we shall return later. 

3. We next compared the 
effects of a group of salts having 
a common base and different acid 
radicals. To simplify matters 
a series of potassium salts was 
chosen. 

The effect of the halogens is shown in Tables XXIX, XXX, 
XXXI and XXXII. Photographs of the chlorid and bromid 
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series are shown in Figs. 60 and 61. It is obvious from the tabli 
and the figures that these neutral salts behave in the same goner 
fashion as the previously described hydroxids. With progressn 
increase in concentration there is observed in all the series a pr 
gressive increase in viscosity of the soap until it. sets into a at: 
jelly. With further addition of the salt the viscosity falls, a slig] 
turbidness develops and, later still, separation of the soap fro 
the dispersion medium sets in. This separation finally booom 
so great that the soap floats as a practically dry white mass up< 
the underlying clear dispersion medium. Some difference seen 
to exist in the power with which the four halogens lead to tl 
setting of the soap and its subsequent dehydration and separatio 
The difference may, however, be one of experimental error onl 


® 9009 © © c 



Figure 58. 


It is exceedingly difficult, as everyone knows who has workc 
quantitatively in these fields, to be sure of getting absolute 
equal rates and degrees of mixing and thus absolutely equ 
effects when producing these various systems. 

Of other monobasic potassium salts the effects of the nitrat 
sulphocyanate and acetate have l>een studied. Potassiu; 
nitrate acts very much like potassium ehlorid as shown in Fig. ( 
and Tables XXXIII and XXXIV. With increasing concentn 
tion of the added salt the soap first gels and then softens, thoug 
the solubility limits of potassium nitrate, as seen in mixtures 
and 10 of Table XXXIV are such as to lead to the formation t 
nitrate crystals in the tubes and not to an actual dehydratic 
and separation of the soap from the dispersion medium. 

The range from a liquid to a gel, through a secondar 
zone of liquefaction succeeded by dehydration of the soap an 







THK (’OLLOID-rilKMISTKY OK SOAKS 


97 


separation of the dear disix*rsion medium, is seen particularly 
clearly in the awe of iK>tiW8ium sulphocyannte. The concentra¬ 



tions necessary for these successive changes may lx*, deduced 
from Tables XXXV, XXXVI and XXXVII. The actual api**ar- 
ance of the tubes described in Table XXXVII is shown in Fig. <13. 


98 


SOAPS AND PROTEINS 



Table XXXVIII and Fig. 64 show the effects of potassiun 
acetate. As compared with the action of the other potassiun 
salts thus far described, it will be seen that at equimolar con 
centrations this acts more powerfully. The soap passes througl 




all the various changes to complete dehydration even within th 
short range of concentrations detailed in the single table. 

The effects of several potassium salts of polybasic acids ai 
shown in Tables XXXIX, XL, XLI and XLII and Figs. 65, 6< 
67 and 68. Dipotassium sulphate and dipotassium tartrate prc 
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duce results practically identical with thorn* of the potassium 
halogens when the effects of adding half molar concentrations 
of the former salts are compared with t how of molar concent ra¬ 
tions of the halogens. 

Because of the limited solubility of potassium sulphate and 
of dipotHKHium tartrate, Tables XXXIX and XL and Figs. 65 
and 66 only serve to show that with increase in the concentration 
of the added Halts there is progressive increase in the viscosity 
of the soap until gelation or, Inyond this, a secondary lique¬ 
faction (Kami’s in the highest concentrationH law employed. 



Fninioi Wi 


However, by working at higher teini>eraf ures tin* eoneentmtion 
of both the sulphate and the tartrate may lx* increased to a jxant 
where tin* soap is 44 salted-out." 

Tables XL! and XLII with Figs. 67 and 68 show the effects 
of adding the jaitassium salts of two tribasie acids. Dipotassium 
phosphate (Fig. 67) and tripot&HHium citrate (Fig. 68) in increasing 
conccmt rat ions at first lead to gelation, then liquefaction and 
finally complete dehydration of potassium oloate. When eompaml 
with the action of monovalent salts, the tables and figures show 
that tin* initial gelations are obtained at about the same*, molar 
concent rat ions of t he potassium eonstit uent of t he syst ems, 
though subsequent liquefaction and dehydration occur somewhat 
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earlier in the case of the polyvalent acid radicals than in that 
of the simpler ones. 

4. The next problem was to determine the effects of adding 
alkali and salt together to potassium oleate. I he effects of 



Figure 67. 


different concentrations of potassium chlorid added to standard 
potassium oleate, containing two different concentrations of potas¬ 
sium hydroxid, are shown in Tables XUII and XLIV. 

So far as concentration of the potassium hydroxid is con¬ 
cerned, Table XLIII must be compared with the second tube 



Figure 68. 


of Fig. 57 (Table XXVI); so far as the concentration of potassium 
chlorid is concerned, with the first five tubes of Fig. 60 (Table 
XXX). When this is done it is observed that the effects of the 
alkali and of the added potassium chlorid are additive. In other 
words, gelation and secondary liquefaction are apparent earlier 
in the series in Table XLIII than in the corresponding tubes of 
Figs. 57 and 60. 
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The alkali concentration of Table XLIV corresponds with that 
of tube 4 in Fig. 57 (Table XXVI). The non-dehydrating effects 
of the concentrations of potassium ehlorid employed are clearly 
apparent by referring to Fig. 60 and Table XXX. While the 
concentration of alkali alone leads only to gelation of the potas¬ 
sium olcate, it will Ik* seen in Table XLIV that the effect of the 
potassium ehlorid adds itself to this, wherefore the. first tube in 
the series shows a l>eginning dehydration which, with increase 
in the concentration of the added salt, becomes progressively 
greater until marked dehydration and separation from the clear 
dispersion medium is evident in the last tul>e. 

Table XLV shows that such an additive effect is apparent 
also when in the presence of a fixed concentration of potassium 
ehlorid different amounts of standard potassium hydroxid solu¬ 
tion are added to the standard potassium olcate. While neither 
of the substances when used alone and in the concentrations 
prevailing in the first tulxt lead to gelation, the two together do 
so. When comparison is made with the projmr tubes of Figs. 
57 and 60, it is also apparent that the secondary liquefaction 
and the dehydration l>egin earlier when alkali and salt are used 
together than when either is used alone. 

To complete this series, we add Tables XLVI and XLV1I. 
In Table XLVI the concentration of jmtassium hydroxid is fixed 
and that of sodium ehlorid varies, while in Table XLVII the 
concentration of sodium ehlorid is fixed and that, of potassium 
hydroxid varies. These tables should \w compared with Tables 
XXVI and XLIX, or Figs. 57 and 70. Huch comparison shows 
that gelation with subsequent liquefaction and dehydration are 
obtained earlier when the alkali and ehlorid are present together 
than when cither is used alone in the concentration chosen. When 
the effects of sodium ehlorid are compared with those of potassium 
ehlorid, it is again apparent that the sodium salt acts more power¬ 
fully; in other words, the systems are shifted toward the regions 
of earlier gelation, earlier dehydration and earlier separation. 

5. We next tried the effects of adding in equimolar concen¬ 
trations various salts possessed of a common acid radical but 
different bmen. We chose ehlorids. 

In-Table XLVIII and Fig. 69 (introduced as checks on Table 
XXX and Fig. 60 and on the experiments about to be doscril>ed) 
are shown the effects of adding successively higher concentra- 
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tions of potassium chlorid. The control tube shows the fainili 
liquid soap. With progressive increase in the concentration 



the salt, the viscosity of the soap mounts steadily until in th 
tube marked 10 such a solid gel is obtained that the tube ma; 
be turned upside down without spilling the contents. 
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Sodium eWorld produces the same general effects m potassium 
ehlorid, as shown in Table XLIX and Fig. 70. When the effects 
of the two salts are compared it is m*en that at the same molar 
concentration the sodium salt arts more jxiwerfully than the potas¬ 
sium salt. Initial increase in viscosity, gelation and frank sepa¬ 
ration of disjM*rsion medium from the soap occur earlier through¬ 
out in the* t u!m*s of Fig. 70 than in those of Fig. 09. 

When ammonium chloral is employed in the. same concen¬ 
tration as that desrri!>ed above for jMitassium or sodium ehlorid, 
an initial increase* in viscosity in the lower concentrations of the 
ammonium salt is not to 1m* observed. The first effect to 1m* noted 
is a slight clouding of the soap mixture* as shown in Fig. 71 and 



Table L. As more of the ammonium ehlorid is added a white 
collar appeals which grows progressively in thickness until the 
whole contents of the tulie apjxw white. Microscopic ex¬ 
amination shows this collar to \m an emulsion (of freed fatty 
acid in the remaining hydrated soap). 1 

The effects of magnesium and of calcium ehlorid upon potas¬ 
sium oleate are shown in Tallies LI and LI I and Figs. 72 and 73. 
There is no increase in viscosity to l>e noted in either series hut 
only a progressive fall. This is due to the formation of the so- 
called “ insoluble ” calcium and magnesium soaps. It would 
he better to say that the change is due to the formation of leas 
hydratable soaps for, m previous study him shown, 2 the magnesium 
and calcium soaps absorb much lew water than the corresponding 
potassium soaps. Since magnesium soap holds more* water than 

5 See pages 109, 130 and 175. # See page 10. 
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calcium soap the former settles out with greater difficulty than 
the latter, as may be seen by comparing Figs. 72 and 73. In 
the higher concentrations of the calcium salt, the calcium oleate 
comes down in very finely divided (colloid) form and so remains 



Figure 72. 


suspended in the liquid as shown in the tubes marked 5 and 10 
of Fig. 73. 

The formation of the metallic soaps with their extremely low 
hydration capacities again dominates the picture when cupric 
or ferric chlorid is added to potassium oleate. As shown in 



Figure 73. 


Tables LIII and LIY the soaps as formed tend from the first to 
collect in hard, dry lumps within the freed dispersion medium. 
Matters are further complicated in these experiments by a partial 
separation of fatty acid due to the fact that the added salts yield 
an overplus of acid on solution and hydrolysis in water. 
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2, Critical and Historical Remarks 

a. Introduction. Considered in the broad, these experiments 
descriptive of the effects of different alkalies and of different 
neutral salts uj>em soup art 1 as old as soap manufacture or chemical 
industry itself. The precipitation of “ insoluble n metallic soaps 
by the addition of salts of the heavy metals to sodium or potas¬ 
sium soaps is a familiar procedure in the manufacture of various 
paint products; the addition of ammonium hydroxid to wash 
waters has long been known to have a value in laundering proc¬ 
esses not shown by more fixed “ lyes’*; ami the “ salting-out n 
of soaps through the addition of an excess of the alkali used in 
making the soap or by the addition of ordinary sodium chloral 
is a century or more old. The soap chemists arc also familiar 
with the fact that in the salting-out process they often encounter 
a “ gumming ” of their soap mixtures or find that these* “go 
stringy.” Nevertheless, ex|>erimental details covering all these 
general subjects in more* than partial fashion seem still to l>e 
meagre*, and the* nature* of the* simplest findings seems not yet 
to have emerged from the* realm of harsh debate. 

If the facts and theoretical considerations covering the hydra¬ 
tion and solvation projMTfies of the pun* soaps themselves as 
previously outlined in these page*s 1 an* kept in mind, it becomes 
possible*, we think, not only to dmw together under a common 
heading many of the* empiric fads erf chemical industry but to 
find an explanation for them in elcciele*elly simpler terms than 
seem ne>w to Ik* in use?. lief on* ele*tailing the* vievws of other 
workers in theses fie*lds we*, wish for the sake? of clarity to divide 
the cxjM*riments of this section into three groups. While? the 
phenomena eliscnsseel in any one of the*se* commonly appe*ar also 
in a second, or own in a third, such division will help to make 
clear what it is that elominates l>ehavie>r in each erf the groups. 

The previous pages have shown that it in important to dis¬ 
tinguish between the solubility of any mmp in miter and the solu¬ 
bility of the water in that mmp . Of immediate interest for our 
purposes is the fact that erf the soaps of a given fatty acid but 
with different bases, ammonium soap is most soluble*, in water, 
potassium next and then sodium. The soaps of the alkaline 
earths are hardly soluble in water and those of the heavy metals 

1 Bee page 69. 
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are generally regarded as completely insoluble. Looked at the 
other way about; the first named are the best, solvents for water, 
while the alkaline earth soaps take a middle ground, and those 
of the heavy metals stand last. With these general truths in 
mind, it is obvious that we may classify the effects of adding 
an alkali hydroxid or of adding any salt to potassium oleate as 
follows: 

(1) a soap is formed more soluble in water and a better 

solvent for water; 

(2) a soap is formed less soluble in water and a poorer 

solvent for water; 

(3) no change occurs in the solubility characteristics of 

the soap. 

The last covers, perhaps, the item of greatest, practical impor¬ 
tance, namely, that of the ordinary salting-out. of soaps, and that 
about which most debate has centered; but since in practice it 
is rarely seen in the pure form outlined in our experiments, but 
is more or less blurred through the simultaneous action of pos¬ 
sibilities (1) or (2), it is best taken up last. 

(1) A soap is formed more soluble in water and a belter solvent 
for water. This happens when ammonium hydroxid is added 
in any amount whatsoever to a potassium (or sodium) soap. 
In this case the viscosity of the soap mixture regularly falls. 
This behavior of ammonium hydroxid is strikingly different from 
that of either potassium or sodium hydroxid, eit her of which first 
brings about a gelation of the soap solution followed by a second¬ 
ary liquefaction and then a separation of the dehydrated soap 
from the dispersion medium (a solution of the alkali hydroxid 
in water). The effect of such fixed hydroxids is regularly attrib¬ 
uted to “ increases in alkalinity,” “ increases in hydroxyl ions ” 
and the vaguer concepts of “ adsorption ” and “ permeability.” 
It is obvious that all such explanations are inadequate, for wit.h 
enough ammonium hydroxid at hand any degree of “ alkalinity ” 
or any number of “ hydroxyl ions ” ought also to become avail¬ 
able to bring about the effects observed wit.h the fixed alkalies, 
yet, when ammonium hydroxid is used, these effects newer do 
come about. The reason is that through interaction of t he potas¬ 
sium (or other) soap with the ammonium hydroxid, ammonium 
soap is formed, and this is more soluble in water than the original 
potassium (sodium or other) soap. The system as a whole 
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becomes ” 1<*hh colloid,” approximates motv nearly a “true” 
solution, and hence its viscosity can only fall. 

'The same general effect of the ammonium radical is still appar¬ 
ent when instead of ammonium hydroxid some salt like* ammonium 
chloral is added to potassium oleate face Fig. 71 and Table L). 
Here again no initial increase in viscosity is to In* observed. Since*, 
however, ammonium ehlorid is the* salt of a weak base with a 
stronger acid the* secondary effect of an overplus of acid formed 
through hydrolysis also ap]M*ars. Hv means of this arid, fatty 
acid is liberated from the soap and them remains emulsified in 
the soap. A third effect is exerted in this illustration by the* 
unchanged ammonium eddorid ami the* newly formed potassium 
ehlorid which exert a dehydrating effect (sene below) upon both 
of the* soaps. 

These ideas may be* further verifie*d by using ammonium 
acetate*. There is still no }M*rerpfible initial increase in viscosity, 
and since* the* salt used is metre nearly neutral, fatty acid is not 
set free. In the* higher concent rat ions of this salt the* soap merely 
separates out in the* usual fashion. 

(2) A soap is formed lem soluble in , and a poorer sol rent for , the 
dispersion medium. This is observed wheat magnesium, calcium, 
iron or copter salts are* added fit a setlution of jKitassium Cor 
sodium) oleate. Under the*se* ciremnstam*e*s, too, the systems 
as a whole again beeome more* liejuid, though it is not in this 
instance* because the* soaps formed an* metre* soluble* in the* solvent 
or mow hydrafahle but because they an* lew soluble and less 
hydratable and set fall out, allowing the* viscosity of the* pun* 
solvent (e*Hse*nfially salt wate*r) to come* to the* front. In con¬ 
trast to the* systems eliwrilaal under (1), the*se* regularly Iteeome* 
milky or white* while* the former heroine mom transpamnf (unle*ss 
some se*<*ondary change* like the* lilxration of fatty aeiei in emulsi¬ 
fied form su|H*rve*ni*s). 

(3) The change in kind of soap is negligible or there is none at 
all This happens, for e*xample, whe*n potassium hydroxid or 
a neutral potassium salt is addeel let a potassium soap. Under 
these circumstances, with inemasing concentration of the adde*d 
substances, all tlm changes tleseril>ed in tlm above*- experiments 
are seen to occur. There is, first, an increase in viscosity which, 
if the amount of the* solvent* is not too great, results in ge*lation, 
followed by a secondary liquefaction resulting ultimately in com- 
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plete separation of the anhydrous soap from the dispersion modiurr 
Since the nature of the changes seen under these circumstance 
covers the question of the theory of the “ salting-out ” proces 
in soap manufacture (as well as that of the salting-out proceg 
in many other lines of chemical industry), and since many attempt 
have been made to explain these changes, it is well to interrup 
our general argument here to review such theories, as far as the; 
are known to us, before proceeding further with suggestions c 
our own. 

b. Historical Remarks on the “ Salting-out ” of Soaps. F. Hoi* 
meistee 1 recorded in 1888 what seem to be the first, quant itativ 
studies in this field when, .in studying the “ water-attracting 
powers of various salts, he determined the minimal concentration 
in which they would bring about the separation of a soap fror 
its aqueous dispersion medium. Finding that the ordinary mixe< 
soaps gave inconstant results, he set out to discover the lowes 
concentrations of various sodium salts necessary to bring abou 
a beginning turbidity in solutions of sodium oleate. In determin 
ing this point he noted that his soap solutions frequently jollier 
F. Botazzi and C. Victorow 2 detailed, some twenty years later 
the effects on viscosity of adding sodium hydroxid to a Marseille 
soap solution. Their soap (in essence sodium oleate) had bee: 
dialyzed and contained in consequence free fatty acid and wha 
is commonly designated, since the work of F. Krafft and B 
Wiglow , 1 2 3 4 “ acid soap.” 4 Addition of sodium hydroxid to sue 
dialyzed soap was found to be followed by an increase in viseosit; 
which at higher concentrations of the alkali gave way to a decrease 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 25, 6 (1888). 

2 F. Botazzi and C. Victorow: Accad. Lincei, 19 (1910), accessible onl 
as review in Kolloid-Zeitschr., 8, 220 (1911). 

3 F. Krafft and H. Wiglow: Ber. d. deut. chem. Gesell., 28, 2566 (1895 

4 If it is true, as generally supposed, that the fatty acids are monobasic : 
becomes a difficult mental maneuver to figure out how a partial sat.uratio 
of the replaceable hydrogen is going to yield an “acid" soap. While th 
concept is widely accepted, no one has ever isolated such an acid soap an 
the only reason for believing in it seems to depend upon the fact that a clea 
solution or jelly may be obtained when a fatty acid is only partially neutralize 
with alkali in the presence of small amounts of water. But these are the idee 
conditions for the production of emulsions , the emulsions in this case consistin 
of fatty acid in hydrated soap. When the indices of refraction of fatty aci 
and of hydrated soap lie close together the mixture looks homogeneous. Se 
Martin H. Fischer and Marian 0. Hooker: Science, 48, 468 (1916) 
Fats and Fatty Degeneration, 29 and 100, New York (1917). 
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J. W. McBain and Milmcknt Tayuik 1 obw^Ttl the same facts 
for sodium pulmitate at !M) f> (\ Their “acid” sodium palmitate 
was first rendered 41 moiv colloidal ” by the addition of sodium 
hydroxid and was then salted out entirely in concentrations of 
the hydroxid above 1.5 normal. 

F. Goldschmidt and L. Wkihhmann * also studied the changes 
in viscosity of potassium soap solutions when various electrolytes 
were added to them. With increasing concentration of the added 
salt, they observed a marked increase in viscosity 41 with a strong 
tendency to jelly. 1 ’ In a later study*' 1 they verify this finding 
for the ammonium soap of palm kernel oil when various hydroxids 
or milts an* added to it. Recently (*. H. A. (Towns 4 has cor¬ 
roborated these general findings for sodium oleate. lie* writes: 

“Na oleate was treated with salt at different concentrations, ami it 
was found that at .4 to .45X1 Na( 1 eomplete preeipitation of the soap 
took plaee. It was noted, however, that prior to preeipitation a tendency 
to jelly formation was exhibited in the zone from .2X4 NnCI to .4 or 
.45X1 Nad. . . . Further testa using varying probations of soap, vary¬ 
ing probations of Nat>H, and of Natl and other Halts of Na brought 
out tin* remarkable fact that as long as the soap employes! was not too 
greatly diluted and was slightly alkaline, a jelly would Ik* formed at all 
points lirtween ,2X1 Na and .45X1 Na, regardless of whether the Na 
was derived from NaOil, from Nad or other salts of Na.” 

The explanations which the various authors offer of the phe¬ 
nomena observed if they make the attempt at all are for the 
most part extremely complicated. We confess to large inability 
at times to understand just what they mean, for not only do the 
different authors eontmdiet each other but their individual con¬ 
cepts are often self-contradictory. As well as we ean understand 
them, their views an* about as follows: 

Hofmkihtkh does not attempt to account for the jelly for¬ 
mation at all, but considers the separation of the soap from the 
aqueous dis^rsion medium as due to the 44 water-attracting 
power ” of the added salt. The soap, he holds, is deprived of 
its solvent lieeause the added salt combines with the solvent. 
This notion of Hopmhistkk has l>eon much disparaged, but we 

1 J. W. McBain and Mhxut.nt Taylor: Zeitschr. f. physik. ('hem., 76, 
179 (1911). 

2 P. Goldschmidt and L. Wkihhmann: Zeitsehr. f. Klektroehem,, IS, 380 
(1912). 

* F. (iouw('HMU)T and L, Weibhmann : Kolloid-Zeitsehr., 12, 18 (1913). 

4 G. H. A. Clowes: Proc. 8&e, Exp. Biol, and Med., IS, 114 (1916). 
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are of the opinion that such a change does oeeur and that it 
partly responsible for the phenomena observed in these colh 
systems. 

Botazzi and Vk’TOHOW hold that, the addition of alkali 
their dialyzed, “ acid soap ” leads to the formation of neut 
soap “ which splits hydrolytically. The molecules polymer 
with the formation a true colloid solution containing micelhe a 
‘ colloid ions/ which then lead to an increase in viscosity lx»cai 
the water of the system is held more firmly through hydrati 
or imbibition.” 

McBain and Taylor/ while originally insistent that th 
studies “ undoubtedly prove, in opposition to the view of Khaki 
that the normal soaps in concentrated solution are not colloids 
conclude later, 1 2 and more correctly we think, when working wi 
sodium palmitate (at 90°) in the presence of sodium hydrox 
that they have in hand systems “ in reversible equilibrium e( 
sisting of electrolyte, hydrosol and eoagulum.” The increase 
colloidality observed in their studies they attribute, in the mu 
to the formation of “ acid palmitate. M 

Goldschmidt and Wkihsmann hold that a satisfactory exp 
nation of the changes in the viscosity of their soap under the inf] 
ence of alkalies and salts is still a matter of the future. Th 
emphasize as factors of possible worth changes in the bydroly 
cleavage of the soap and the formation of acid soap, though Ik 
such factors act they do not say. 

Clowes’ hypothesis reads as follows: 

“A dispersion of Na oleate in water represents a disfx»rsion of partic 
of oleic acid by means of NaOH. Further additions of NaOH lead t< 
more perfect dispersion of the soap particles, owing to the fact that t 
OH ion is more readily adsorbed than the* Na ion. Nu< '1 exerts a simi 
effect to NaOH, the Cl ions exerting a disj>ersing effect analogous to tl 
of the OH ions, but since they are far less readily adsorbed than 1 
OH ions their effect is considerably smaller. . . . The soap partic 
possess a negative charge attributable presumably to adsorbed anio 
This charge prevents their coalescence until the concentration of 1 
Na ions reaches such a point that they also come into play and by adso 
tion on the particles tend to counteract or diminish the negative chai 
conveyed by the previously adsorlxwl OH or C\ ions. When a eerfi 

1 J. W. McBain and Milucent Taylor: Her. d. dent. chem. Gemdl., 
321 (1910). 

2 T W. McBain and Millicent Taylor: Zeitschr. f. physik. Chem., 7 
179 (1911). 
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concentration of the cation is reached a critical zone commences in which 
jelly formation or precipitation appear?- to depend entirely upm the rela¬ 
tive proportions of ud>orf>ed cutmm and anions. If at the commence¬ 
ment of thin critical zone the residual uegnfne charge ... is sufficient 
to maintain a jMTfect diqw*rduu . . . jelly formation will ensue at higher 
concentrations. If this residua! negative charge ... is insufficient . . . 
if agglutination, aggregation and sedimentation under tin* influence of 
gravity has already commenced, precipitation necessarily ensues at 
higher concent rat ions. ... If a! the critical |m lint the sum total of 
atisorlnal anions b not sufficiently in excels of that of «dsor!«*d eat ions to 
insure |>erfect db|H*rwinn, precipitation instead of jelly formation ensues. 
This explains the necessity for a certain minimum concentrnfion of XnOlI 
with its readily a<fsorbed OH ions to insure jelly formation in flic* ease 
cited above/* 


The* contradictory nature of the* explanations here reviewed 
is self-evident. To secure the profier results Clowes holds that 
the soap must la* ** alkaline to phcnnlphthulein." Our own soap, 
which in practice worked ipiite like his, was prepared hy adding 
to each other the chemically equivalent weights of fatly arid 
and alkali necessary to yield a “ neutral M soap. In tin* concern 
trationn in whieh we employed our stock soap it wan not alkaline 
to phenolphthnlein. The same kind of soap stock or one more 
decidedly 11 acid M was employed hy all the other students in 
this field. In fact, it would seem flint, with the exception of 
Clow kb. the majority of observers had inclined to the Imlief that an 
overplus of arid in their soap systems was nvvommry for an under¬ 
standing of the viscosity changes. Nevertheless, and indefsmd* 
ently of all hypo!hesis, there is reported throughout tin* exjmri- 
merits of all these workers I including our own) the same sequence 
of observed facts which has ln*cn set down in detail in the pre¬ 
ceding pages, namely, an initial increases in viscosity resulting 
ultimately (when the soap system is not too dilute) in gelation, 
followed hy a decrease in viscosity and a gradually increasing 
dehydration and complete separation of the 1 soap, 

c. On the Theory of (he il Salting-out ” of Soapn. We refrain 
from a detailed criticism of the views of them authors. It is 
self-apparent how all too one-sided notions of jelly formation in 
soaps (like the electrical) must come to grief as soon m if is remem¬ 
bered that such jellies may be produced from non-aqueous solvents 
and anhydrous soaps and under circumstances which allow of 
none of the orthodox conditions deemed necessary for the develop- 
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ment of electrolytic disso¬ 
ciation. 1 The importance 
of “ alkalinity ” or of “ hy¬ 
droxyl ions ” disappears when 
ammonium hydroxid is found 
incapable of doing what po¬ 
tassium hydroxid or potas¬ 
sium chlorid does; the “ al¬ 
kaline/’ “ neutral ” or “ acid” 
character of the original soap 
stock can hardly be of funda¬ 
mental importance when all 
three are seen to exhibit the 
same general behavior to¬ 
ward added substances. 

If we attempt to explain 

. the successive changes which 
• * 

^ follow the addition of fixed 

g 

p alkali or a neutral salt to 

Jj potassium oleate (or any 
similar soap), and try to do 
this without recourse to too 
many or too violent assump¬ 
tions, the following seems the 
simplest way out. 

The entire series of changes 
observed ' in the salting-out of 
a soap by an alkali or a salt 
is readily understood if it is 
assumed that the added neutral 
salt or alkali hydroxid unites 
with the solvent to form a 
hydrate or solvate and that the 
consequent viscosity changes 
(including gelation) are de¬ 
pendent upon the changes in 
viscosity observed whenever one 
liquid is emulsified in a second . 


1 See the preceding sections (pages 30 to 77) on soap/alcohol and soap/# 
systems. 
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It does not matter for our purjKrses whether sueh union with 
the “solvent " is brought about by the moleeules or the ions or 
any other derivatives of the salt. The solvates {hydrates) after tning 
formed then separate out in dispersed farm in the potassium ideate. 

Diagrammatirally the successive rhanges im* illustrated in 
Fig. 74. If, to simplify matters, we represent the original pure 
potassium oleate solution us a homogeneous system 1 as indicated 
in tui>e A of Fig. 74, tjte effect of adding some molecules of fixed * 
alkali or salt may 1m represented by the diagram marked ti. 
Hydration of the salt molecules has two effects: C1 > It with* 
'draws water from tin* original {mtaasium system and thus through 
ineraasrs in the concentration of the fsittitwhim oleate tends to 
stiffen the system. But this effect is probably not large as com¬ 
pared with (2) the effects upon ciscos tty of the dispersion of one 
material in a second. The increase in viscosity due to sueh sule- 
division of one material in a second is observed under widely 
varying circumstances. A good example for our purjsises is that 
represented by the increase in viscosity when one liquid (like 
cottonseed oil) is emulsified in a second {like a soap solutiont. 
The “ mayonnaise " which results may Income so stiff that it 
will stand alone. But the same tyjs* of change is observed when 
a dry sand (which 11 flows " readily) is mixed with a little water 
and a mass results that can Is* molded. Kven a gas subdivided 
into a liquid will yield such “ solid M struetures ns when air is 
Imaten into a liquid white of egg to yiehl a 41 foam, 1 * 

The viscosity of such diphasic systems and it is well to lw*tir 
in mind, in the east* of the soaps, more pnrtienlarly diphasic 
systems consisting of one liquid disjswd in a second or of a 
solid dis|M k rsed in a liquid increases with every increase in the 
concentration of the internal dispersed phase* and with every 
decrease in the Him of the individual disfrersed particles. The 
viscosity of an emulsion of liquid oil in liquid soap, for instance, 
increases as mon» and more oil is tsmten into the soap; on the 
other hand, with a given amount of oil sulalivided into n given 
volume of soap the viscosity of the mixture is increased if the 
previously course emulsion is made finer by “ homogenizing." 2 

1 It m at least a diphasic system as empliamised tm jwge ttf), but (or our 
purposes we will call it a monophamc one. 

2 For references to the literature and sjsH’ific studies of the emulsions see 
Martin H. Fischer and Marian O. Hooker: Hdmtm, 41, 4 ilH 09 HU; Fata 
and Fatty Degeneration, New York (1917), 
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It is such increase in the number of hydrated salt part id 
with increasing concentration of the added salt that explai 
the progressive increase in the viscosity (see diagram C) whi< 
when the amount of water in the system is not too high, euln 
nates in gelation. If the concentration of the salt in still furtl: 
increased, the time approaches when the number or size of t 
hydrated salt particles becomes so great that they touch oa 
other (diagram D). When this happens a critical point li 
been reached and there must appear a change in the system, i 
the hydrated salt particles now become the continuous vxten 
phase while the soap particles form the internal divided phai 
Such change in type of emulsion even without change in t 
quantitative relationship of the two liquids composing the cnr 
sion is regularly followed by a change in viscosity. This situati 
is indicated in tube E of Fig. 74. The viscosity of the systc 
now tends in the direction of the salt solution and so, with pi 
gressive additions of salt, falls. This is the region of seeonda 
liquefaction after the region of gelation in our experiments, 
this point, however, the soap system also shows the first evident 
of becoming turbid. This is because more and more water 1: 
been taken from the soap and as this becomes dehydrated 
index of refraction changes. Being different from that of t 
dispersion medium the mixture appears milky. The dehydrat 
soap particles, being possessed of a lower specific gravity th 
that of the alkaline solution or salt solution constituting t 
dispersion medium, now begin to float to the top as indicat 
over F in Fig. 74. When enough salt has been added to t 
system, the soap is entirely dehydrated, as shown in diagram (L l 

t 

3. On the “Salting-out” of Different Soaps 

The preceding pages have made clear the general laws whi 
underlie the salting-out of a soap by different salts. We ha 
now to consider the question of how different soaps Ixshave wh 
subjected to the salting-out effects of a single salt. 

1 It is self-evident that what has been here written of the saltings 
process as observed in soap manufacture holds with equal force for the saltii 
out processes of many other technological procedures as in aniline dye, chee 
and butter manufacture. For the application of these principles to certi 
phenomena of “coagulation” as observed in milk, blood, muscle juice, el 
see page 233. 
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There have Imm many studies made of this question, but for 
the most part they refer to the sulting-out of mixed soaps as 
obtained from different mixed fats. Fueler such circumstances 

we are obviously dealing with the salting-out of a series of soaps. 1 
We have l>een able to find only a single statement covering the 
salting-out of different pure soups by a single salt. (!. Ktikpkl 2 
examined the Indinvior of the sodium soaps of etipmic, heptylie, 
eaprylie, fjelargome, eaprie, latirie. myristic, palmitic and stearic; 
acids towards solutions of common salt. While* sodium eaprontc 



was not salted out by u saturated solution of sodium chlorich 
and the succeeding four soaps remained gelatinous, the; laurate, 
myristate, palinitate and stearate primal 11 insoluble ” successively 
in 17.7 percent (3.02 molar), 9.03 jiereent (1.54 molar), 6.9*1 
percent (1.19 molar) and 4.92 percent (0.84 molar) solutions of 
sodium chlorid. 

These values have linen verifier! by It. J. Khonachkk, 3 whose* 
findings for a aeries of sodium salts are reproduced in Fig. 75. 

1 Bm for example, J, LKimiOarKR: Technologic der Beife, 1, 14, Dresden 
(1911). 

1 0. Btiepki,; WeyPit Kmscliirhrtftcii x. rhein. Tech., 1, MS, ILeipzig 11911). 

1 E. J. Kronachkk: Pctmifial communication (1920). 
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Molar equivalents of the different sodium soaps (1 7 10 mol) wei 
dissolved in equal volumes of water (1000 ee.) and the who 
brought into homogeneous solution at the temi>erafure of a hoilin 
water bath. Enough salt was then added at. the high tenq>eratu] 
so that on cooling the mixture to 18° C. a first separation froi 
the pure dispersion medium (salt water) was observed. It. wi 
be noticed that as the acetic series is ascended, a lower and low* 
concentration of sodium chlorid is required to bring about siu 
separation. While in the concentrations of soap employe* 
sodium caprylate did not. come out in even a saturated (ov< 
5 molar) sodium chlorid solution, sodium stearate separated froj 
the dispersion medium when less than a 1 molar sodium chlori 
concentration prevailed. 

A second series of experiments to illustrate these genen 
truths is presented in Table LV and Fig. 7(‘>. While the arrange 
ment in these experiments is intended for use under anoth< 
heading later, the findings fit in at this point. The exirerimeir 
show the effects of adding the same volume's of increasingly eoi 
centrated sodium hydroxid solution to equimolar amounts < 
the different fatty acids of the acetic series, only those 1 : membei 
being used in which soap formation take's places at ordinary rooi 
temperature. (Soap is produced, in other words, by the so-ealle 
cold process.) 

Fig. 76 and Table LV show that only clear solutions ai 
obtained in the case of formic and acetic acids. At the san: 
molar concentration, sodium propionate begins to be saltc 
out in the higher concentrations of the* sodium hydroxid. A 
we pass to the sodium butyrate, sodium valerat c\ sodium caproati 
sodium caprylate, sodium eaprate and sodium laurat<\ the salting 
out effect moves little by little to the left. The exj>e rimer 
again shows therefore that a soap of the acetic series is salted oi 
with increasing ease (by sodium hydroxid , in this instance) as u 
ascend the series. 

Fig. 76 and Table LV illustrate, however, a second point pre 
viously commented upon. It will be observed that besginnin 
with sodium butyrate and going up in the chemical series one c 
more tubes are filled with solid gels. This is because, m we ascen 
the series, soaps of an increasing gelation capacity are producer 
The final picture seen in the photograph is therefore th 
composite represented by (a) the production of soaps possesse 
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by themselves of an increasing Relation capacity and (b) of 
increased sensitiveness to the salting-out etTcct by an excess 
sodium hydroxid. 


taiu.k xxvi 

Potabhivm OlkaTK Pttinmium Ihjdroxul 


Concentration of mixture 


iterimr kn 


(1) 5 cc. 

(2) 5 oc. 

(3) 5 eo. 

(4) 5 oo. 

(5) 5 eo. 


potassium oleate fU oo. II 3 O I l 00 .*» n K< 
“ " f H 00 . ' * i 2 00 *’ 

* * * * f 7 oo. 

* * 4 ' \ (l 00 , 

4 ‘ * • f 5 00 . 


( 6 ) r> 00. 

(7) 5 00 . 

(8) 5 00 . 
(0) 5 00 . 

(10) 5 00. 

(11) 5oo. 


} 4 00 
f 3 oo. 
f 2 00 . 
} 1 00 . 


| 3 00 . 
f 4 or 
t 5 00 


j U 00 
< 7 ro 
| H 00 

t U or 


i 10 00 . 5 It hull 
t 10 00 . it«( > (control) 


I.upnd 

bupnd 

Cot 
I #e| 

Jlrgmmiig dehydration and i 

ration 

Istrmsnmg d*+\dratuoi and . 
r at ton 

Im roftnutg tlrhvdftt !imu nttd , 
ration 

lrt< rea!»iri|| drfndnitont and 1 
ration 

Uu'trnmtw delimitation and 

Ittf *»*!* 

<#mit deh\ diatom and m* 
fi«»« 

Mobile 


tabu-; XXVII 

Potahhium Ubkatk Stnltum Itijdmxui 


Concentration of mixture Henmrka 


(1) 5cc. potassium oleate+9.5 ce. Ht() ft) 5 00 , An Nut >1! _ Liquid 


(2) 

5 cc. “ 

44 + 0 

00 , 4 

4 11 00 " 

Liquid 

(3) 

5 00 . ‘' 

44 +8 

00 . * 

4 f2 00 *• 

f Jrl 

(4) 

5 00 . 4 ‘ 

44 f7 

00 . * 

4 f 3 or 4 * * * 

Br«imttit« dehydration and 1 
ration 

(5)* 

5 ec. ' 4 

“ H 

00 . * 

4 I 4 00 . “ ** ! 

Itirrrtramg dehydration and 1 
I ration 

(6) 

5 cc. 44 

44 +5 

eo. * 

4 f 3 or, “ 44 

I nrreiutmg dehydration and 1 
1 ration 

(7) 

5 cc. 44 

44 +10 oc. AnNaOH 

Croat dehydration and m>\ 
Uon 

(8) 5 cc. 

44 +10 00 . HaO (control) 

Mobile liquid 
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TUil.K XXVIII 

PoTahhu'm < H.katk .1 mmtmium Hydrorid 


C oiirrstfr»Ss»m of mint urr i Krmnrkn 


(11 

ft <*C. JMttiUUUUIii 

»tr»fr f $f o 

HlO 

1 1 rr ft n 

Mobile liquid 

(21 

ft rr 

* ■ i h vv 


4 2 rr ’ * 

Mobile liquid 

m 

ft vv 

" f 7 rr 


1 .1 rr '' 1 ’ 

Mohilr liquid 

(4) 

ft rr. 

’• Mi rr 


♦ I rr 

Mobile liquid 

(5) 

r» r«\ 

” I ft vv 


f ft rr ’ ‘ 

Mobile liquid 

(«) 

5 vv. 

" ! 4 rr 


f tl rr '' 

Mobile liquid 

(7) 

ft vv. 

' ‘ Ml rr 

• . 

f 7 rr 

Mobile liquid 

(H) 

ft vv. 

*’ i 2 rr 


t h rr 

Mobile liquid 

cm 

ft vv 

t 1 rr 


f 11 rr ” 

Mobile liquid 

(HH 

ft vv 

'■ 1 lO r 

r f» ii 

N Hd >11 

| Molulr liquid 

(111 

ft vv 

Hlfn 

• list i (control* 

| M'dulr liquid 


I \iti-i. xxix 

VtrvAHHit \t ( Io.ati*, Pntusmnm Flmtrid 


of tmxfuir 




( 1 ) ft rr, jwitiwwmim olr&tr t ft rr 11*0 t I 


(21 ft cr 


* H rr 

■' * 2 rr * • ’ 

Hhghtly vi nr id 

(3) ft vv 


' ‘ i 7 rr 

* • * 3 rr ” 

Hurt Krl 

(4) ft vv 


'• t *i rr 

’ * * i vv " * ’ 

Hlifirst ((id 

(0) ft vv 


*’ » rr 

•' i ft tv *' 

\ isrid, fnilitlv turbid 

(0) ft vv 


» 1 rr 

*’ * 0 rr *• 

Hiightlv viand, lor bid 

(7) ft vv, 


* ■ f .1 rr 

’' » 7 vv ‘ ’ 

Molulr, turbid 

cm ft re. 


" f 2 rr 

*’ f H rr * * 

Molulr, tllflud 

cm ft vg, 


" f 1 rr 

* ‘ f U vv " ! * 1 

-Molulr, tiirlud, iM’KiutiiKK drb% 
drill mu 

(10) ft vv 

** 

” # If* rr 

2 m KF 

Molulr, ilH’t rfintllK dr*ti\ dt ul loi» 

(11) 5 rr. 

" 

'■ 1 Ui rr 

Hi<* trout roll 

Molulr liquid 


u l\F 


Molulr liquid 
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TABLE XXX 

Potassium Ole ate— Potassium Chlorid 



Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate+9 cc. H 2 O + I cc. 2 m KC1 i 

Mobile liquid 

(2) 5 cc. 

“ “ +8 cc. 

“ +2 cc. “ “ 

Viscid 

(3) 5 cc. 

“ “ +7 cc. 

“ +3cc. “ “ 

Stiff gel 

(4) 5 cc. 

“ “ +6 cc. 

“ +4 cc. ' ‘ “ 

Stiffest gel 

(5) 5 cc. 

“ “ +5 cc. 

“ +5cc. “ “ 

Stiff gel 

(6) 5 cc. 

“ ‘ ‘ +4 cc. 

“ +6 cc. “ “ 

Viscid 

(7) 5 cc. 

“ “ +3 cc. 

“ +7cc. “ “ 

Less viscid, slightly turbid 

(8) 5 cc. 

“ “ +2 cc. 

“ +8cc. “ “ 

Mobile, turbid 

(9) 5 cc. 

“ “ + lcc. 

“ +9 cc. “ “ 

Mobile, turbid 

(10) 5 cc. 

“ “ +10 cc. 

2 m KC1 

Mobile, turbid, beginning dehy¬ 
dration 

(11) 5 cc. 

“ “ +10 cc. 

H 2 O (control) 

Mobile liquid 


TABLE XXXI 


Potassium Oleate— Potassium Bromid 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate+6.0 cc. H 2 O +4.0 cc. 2 m KBr 

Stiff gel 

(2) 5 cc. 

“ +5.0 cc. “ 

+ 5.0 cc. “ “ 

Stiffest gel 

(3) 5 cc. 

“ +4.0 cc. “ 

+6.0 cc. “ “ 

Less stiff gel 

(4) 5 cc. 

“ +3.5 cc. “ 

+6.5 cc. “ “ 

Less stiff gel 

(5) 5 cc. 

“ +3.0 cc. “ 

+7.0 cc. “ “ 

Markedly less stiff 

(6) 5 cc. 

“ +2.5 cc. “ 

+7.5 cc. “ “ 

Markedly less stiff 

(7) 5 cc. 

“ +2.0 cc. “ 

+8.0 cc. “ “ 

Markedly less stiff 

(8) 5 cc. 

“ +1.5 cc. “ 

+8.5 cc. “ “ 

Markedly less stiff 

(9) 5 cc. 

“ +1.0 cc. “ 

+9.0 cc. “ “ 

Beginning dehydration 

(10) 5 cc. 

“ +0.5 cc. “ 

+ 9.5 cc. “ “ 

Increasing dehydration 

(11) 5 cc.. 

“ +10 cc. 2 m KBr 

Marked dehydration 

(12) 5 cc. 

“ +10 cc. H 2 O (control) 

Mobile liquid 


TABLE XXXIJ 

Potassium Oleate— Potassium Iodid 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate+ 8 cc. 

H 2 O +2 cc. 2 m KI 

Slightly viscid 

(2) 5 cc. 

“ +7 cc. 

“ +3cc. “ “ 

Stiff gel 

(3) 5 cc. 

“ +6cc. 

“ +4cc. “ “ 

Stiffest gel 

(4) 5 cc. 

“ +5 cc. 

“ +5 cc. “ “ 

Stiff gel 

(5) 5 cc. 

“ +4 cc. 

“ +6cc. “ “ 

Viscid 

(6) 5 cc. 

lt +3 cc. 

“ +7cc. “ “ 

Slightly viscid 

(7) 5 cc. 

“ +2 cc. 

“ +8cc. “ “ 

Slightly viscid 

(8) 5 cc. 

“ +1 cc. 

:* +9 cc. “ “ 

Beginning dehydration 

(9) 5 cc. 

“ +10 cc 

. 2 m KI 

Increasing dehydration 

(10) 5 cc. 

+ 10 cc. H 2 O (control) 

Mobile liquid 
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TABU. XXXIII 

Potahhh IIlhatk !*(*tannium Nitrate 


{ ft»nrcntr»Hiin »4 mufurr I Hemarkis. 


Cl) A rr 


»*Ir»fr ♦ 0 ct* 

Hit! * | rr m KNH* 

Mobile liquid 


VI) rr 


"’ t H rr 

" ♦;*«• ” 

Mobile liquid 


(3) ft rr 


1 7 n 

' ■ i 4 tv ' * 

Liquid 


HI fMT 


" ♦ li r* 

• ’ 1 4 rr '■ • * 

Inrmtninji v found) ty 


(5) 5 rr 


# ft rr 

t i »r 

IfirtriMiinff vinridtty 


fill ft rr 


i 4 rr 

• | f 1 * r ■” " 

Iiirrr>»t»iog viscidity 


(7) ft rr 


♦ I H 

& 7 * v 

Inn rusting vincidity 


(H) ft im* 


i ;* «■» 

» H rr * * * ‘ 

Inrrnwmg viscidity 


HI) 5 rr 


1 1 rr 

Ml «r " 

(id 


(10) ftcr 


' 1 1 111 i 

r fti K\’l»t 

C Id 


{III ft rr 


*’ t HI r 

r H.f I irottfrttl) 

Mobile liquid 





rviuj xxxiv 





I *i n \tm i 

M Os.katf. /u m Nitrttfe 



< f #1 >*»fi 111 

Mltnf lit** 

ICrfimrk* 


Hi ft *"<■ 


niriifr f 0 rr 

lift 1 1 I rr 4 m K N< h 

Mobile 


(21 A 


1 % rr 

" * if rr 

! Ud 


Ob A **«* 


* 7 «*' 

” t.lrr ” 

i Huff gd 


(1) A rr 


♦ It rr 

■■ Mm ” 

Huff |t«*l 


(ft) ft rt> 


1 ft rr 

1 ft * r 

Vim-id 


(Ilf ft ir 


1 4 rr 

ill rr 

Vlarld 


(7) ft rr 


t 4 rr 

* 7 rr " ' ’ 

hem v lurid 


(Hi A rr 

,. 

t 2 rr 

' ' * H rr 1 ' 

hem viswid 


CfH ft rr 


1 I rr 

' ■ Ml rr *' 

Jem v lucid, erynUlliMtinn 

of 





KNOi 


(10) ft IT 

.. 

1 l«l * 

* 4 m K No* 

Jem v acid; rry*t*dli*«tion 

of 





KMO, 


(11) ft rr 


* HI i* 

r U,n 

Mt»bilc liquid 





TAIUJK XXXV 




PnrAMHtru «)!,r,vrr. Pntmmum Sulphtfc^amtr 



< Wircfit rtftf toft of 

minturi* 

i 

I Itrnmrku 



tn 

ft «’<• (KttRjftMUIO 

dr«te 

t tl rr 

IMt * l rr hi KCNM 

Mobile liquid 

(2) 

•ft rr 


f H rr 

” 12 rr ” 19 

Mobile liquid 

(31 

.ft rr 


♦ 7 «r 

* 1 4 *1 rr ’* 

InrmwuiiK vfoifidity 

H) 

ft rr 


f II rr 

'• # i rr ‘* 

1 urrriuiing vinridity 

(ft) 

ft rr 


I ft rr 

’ ’ i ft rr ' * " 

Inrriuwdnff vinridity 

(«» 

ft IT 


1 4 if 

" Ml rr ” ” 

Itirmwitig vinridity 

(7) 

•ft rr ’ * 


1 ;t rr 

" * 7 rr 99 88 

UH 

(HI 

ft rr 


1 2 rr 

*' 4 H rr *' 

Ht iff g«»I 

CIO 

ft rr 


♦ 1 rr 

* * Ml rr ** *' 

Htiff *rl 

am 

ft rr 

• ’ 

1 tC) rr 

in KC’NH 

tttiff ftrl 

(H) 

ft rr 


f HI rr 

Itjii fntfitmli 

Mobile liquid 
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TAHI.K XXXVI 

Potassium Oubatk —Potamum Sutphoriinimtr 


Concentration of mixture. Remark* 


(1) 

5cc.potassium oleate + 0.0 co. HaO + 4. Dec. 2 m 

KC’NH 

Stiff gel 

(2) 

5 cc. 


“ +5.0 or. 


+ 5.Occ. “ 


Stiff gel 

(3) 

5 cc. 


“ +4. Occ. 


+ 0 . 0cc. ** 


Lew* stiff gel 

(4) 

5 cc. 


“ + 3.5ce. 


•1 ft 5 cc. * • 


Lews stiff gel 

(5) 

5 cc. 


“ +3.0 cc. 


f 7 Occ. “ 


Viscid liquid 

(6) 

5 cc. 


“ 4 2.5cc. 


17 5 cc. •* 


Viscid liquid 

(7) 

5 cc. 


“ + 2 .Occ. 


1 8 Occ, *' 

t • 

Liquid 

(8) 

5 ce. 


“ f l .f>CC. 


} 8 r»cc. •• 

« ♦ 

Liquid 

(9) 

5 cc. 


“ +1.0 cc. 


i 9 Occ. *’ 


Liquid 

(10) 

5 cc. 


“ +o.r»cc. 


H> 5 cc, “ 


Liquid 

(11) 

5 cc. 


“ +10 cc. 2 

m 

KONB 


Liquid 

(12) 

5 cc. 


** +10 ce. HaO 



Mobile liquid 


TAHLK XXXVH 

Potassium ( )leat K—Potamum Sul phorymmlr 


Concentration of mixture. | Remark* 


(1) 5 cc. potassium oleato + 0.0 ee. 

(2) 5cc. “ 44 +5.Occ. 

(3) 5cc. “ “ +4.Occ. 

(4) 5cc. “ 44 +3.5ce. 

(5) 5cc. 44 44 +3.Occ. 

HaO+4. Occ. 4 m KC’NS 
** +5.0cc. “ 

•* ft! Occ. “ 

+0 5cc, “ 

44 f7.0cc. •* 

(6) 5cc. 

*' +2.5 cc. 

“ +7.5ce. " " 

(7) 5cc. 

44 +2. Occ. 

44 +8.Occ. *' 

(8) 5cc. 

“ +1.5 cc. 

** +8.5cc. " 

(9) 5 cc. “ 

44 +1.0 oo. 

44 +9.Occ. “ 

(10) 5cc. 

44 +0.5 co. 

4 4 +9.5 oc. ' 4 ‘ 4 

(11) 5cc. 

“ +10 co. 4 m KCN8 

(12) 5cc. 

+ 10 oc. HaO (control) 


Turbid, liquid 
Turbid, liquid 

Turbid, liquid 
Beginning dehydration 
Increasing dehydration w 
decrease in amount of soap 
and increase in collar of dp 
drated soap 

Increasing dehydration mv 
decrease in amount of *< 
get mid increase in collar 
dehydrated soap 
Increasing dehydration vs 
decrease in amount of m 
gel and increase in collar 
dehydrated soap 
Increasing dehydration vs 
decrease in amount of soap 
and inereaae in collar of de 
drated soap 

Increasing <iehydration v 
decrease in amount of soap 
and increase in collar of de 
drated soap 

Increasing dehydration * 
decrease in amount of snap 
and increase in collar of de 
drated soap 

Increasing dehydration v 
decrease in amount of soap 
and increase in collar of de 
dration soap 
Mobile liquid 
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TABLK XXXVIII 

FoTAHairM Olkatk -PttimHium Acetate 




Cnnrrntmtum of mixture 

Knmttrk* 

(l) 

5 cc. |«»ta#»mm ol«fr< f li rr IM> § I or rn KC’jHiOj ; 

Mobil* liquid 

( 2 ) 

5 re. 

• * *■ * M rr 

* ’ f 2 rr * * ’ ’ 

Mobil* liquid 

( 3 ) 

ft re. 

* * * 4 t ? rr 

" * If rr 44 

Vn»rid f »h«hily turbid 

(41 

ft rr, 

4 * ” * fl rr 

• - f | rr ’’ 

‘More vtut-td and turbid 

( 5 ) 

ft rr. 

* * 4 * f ft rr 

‘ ’ » ft rr 4 ' *' 

Hoft, turbid gtd 

(ft) 

ft rr. 

* * f 4 rr 

* ’ f fi rr 4 * *' 

mmnmi dnhydmtion 

( 7 ) 

ft rr. 

4 4 4 * | II rr 

«* | 7 rr 4 4 4 4 

Inmrmin^ drhydmtion *ith m >|>» 
mrittioM t»f whit* ftonjt 

<»> 

ft rr. 

* * * * 1 2 rr 

4 * § H rr 4 4 4 4 

IncrrouMtift drhydmtion with *c*|*» 
tumtum of whit* 

m 

ft rr. 

44 44 * I rr 

4 4 I W rr 4 4 4 4 

lnr*r«nudnc drhydriition with *rj»- 
unit ion of whit* mmp 

( 10 ) 

ft rr. 

44 “ | 10 rr 

m KtSHrfH 

hmemitm dehydration with *ff|w 
nrHtum of whiff* #o*t* 

(ID 

ft rr. 

44 ’ ’ $ III rr 


Mobile liquid 


TABU*; XXXIX 

Potahmit?** Oi.ratk Ihfmimmum Sulphate 


(Ymrentraf ion of miwtur* 

Itemark* 

(D ft* 4 * 

fMttiuMiium olmtr 

| i rr 

Ilfll f I rr ms2 KtfWb 

Mobil* liquid 

(2) ftw 



f K rr 

4 * 1 3 rr " 

Mobile liquid 

(3) ft or 



I 7 rr 

44 | I« rr 44 

Liquid 

(4) ft rr 



f fl rr 

44 i 4 rr 44 

14*| Mid 

(ft) ft rr 



1 ft rr 

44 f ft rr 44 

Inrrnitotnjt vi»ndily 

(6) ft rr 



1 4 rr 

44 f « rr 44 

I lurrmiiinK vwrtdity 

(7) ft rr 



f It rr 

4 * i 7 rr 44 

I nr mums v Aridity 

(8) ft rr. 



i 2 rr 

*’ * Hrr 44 

InrmMunn vtocldity 

(9) ft rr 



♦ I rr 

4 4 H» rr 44 

0*1 

(10) ft rr, 



1 I Cl rr 

in 2 K*H<b 

Ctrl 

(ll) ft w. 



t id rr 

II«0 front mil 

Mobil* liquid 
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SOAPS AND PROTEINS 


TABLE XL 


Potassium Oleate— Dipotassium Tartrate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate+9 cc. HaO + l cc. m KsCdEbOej 

Mobile li<iuid 

(2) 5 cc. 

“ H-8 cc. “ 

+2 cc. ‘ ‘ 

Liquid 

(3) 5 cc. 

“ +7 cc. “ 

+3 co. “ 

Viscid liquid 

(4) 5 cc. 

“ +0 cc. “ 

+4 cc. ‘ ‘ 

Gel 

(5) 5 cc. 

“ +5 cc. “ 

+ 5 cc. 4 ‘ 

Htiffest gel 

(6) 5 cc. 

“ + 4 cc. “ 

+ 0 cc. 4 ‘ 

Gel 

(7) 5 cc. 

“ +3 cc. “ 

+ 7 cc. “ 

Gel 

(8) 5 cc. 

‘ * +2 cc. ‘ ‘ 

+ 8 cc. ‘ ‘ 

Viscid liquid 

(9) 5 cc. 

“ +1 cc. ‘ * 

+ 9 cc. “ 

Liquid 

(10) 5 cc. 

“ +10 cc. m KaC<ILO« 

Liquid 

(11) 5 cc. 

“ +10 cc. HaO (control) 

| Mobile liquid 


TABLE XU 

Potassium Oleate— Dipotassium Phosphate 


Concentration of mixture. 


Remarks. 


(1) 5 cc. potassium oleate+9 cc. HaO + l co. m 

(2) 5 cc. 

* 4 +8 cc. 

“ +2 cc. 44 

(3) 5 cc. 

“ +7 cc. 

44 +3 cc. 44 

(4) 5 cc. 

44 +6 cc. 

“ +4 cc. 44 

(5) 5 cc. 

44 +5 cc. 

“ +5 cc. “ 

(6) 5 cc. 

“ +4 cc. 

44 fOee. “ 

(7) 5 cc. 

4 4 +3 cc. 

44 +7 cc. “ 

(8) 5 cc. 

“ +2 cc. 

44 +8 co. 44 

(9) 5 cc. 

' 44 +1 cc. 

44 +9 cc. 44 

(10) 5 cc. 

44 +10 cc. 

m KsHPO« 

(11) 5 cc. 

44 +10 cc. HjO (contro 


Mobile liquid 
Liquid 

Clear viscid liquid 
Clear stiff gel 
Turbid liquid 
Turbid liquid 
Turbid liquid 
Beginning dehydration 
Greater dehydration 
Greatest, dehydration, dispersion 
medium milky 
Mobile liquid 


TABLE XUI 


Potassium Oleate— Tripotassium Citrate 


Concentration of mixture. 

Remarks. 

(1) 

5 cc. potasium oleate +9 cc. HsO + 1 co. m 

KaCeHgCb 

Mobile liquid 

(2) 

5 cc. 

4 4 4 4 + 8 cc. 44 

+2 cc. 44 


Liquid 

(3) 

5 cc. 

4 4 4 4 + 7 cc. 44 

+3 cc. 44 


Clear gel 

(4) 

5 cc. 

“ 44 +6 cc. “ 

+4 cc. 44 


Clear viscid liquid 

(5) 

5 cc. 

4 4 4 4 + 5 cc. 44 

+5 cc. “ 


Clear liquid 

(6) 

5 cc. 

4 4 4 4 +4 cc. 4 4 

+ 6 cc. 44 


Turbid liquid 

O) 

5 cc. 

4 4 4 4 + 3 cc. 44 

+7 cc. “ 


Beginning dehydration 

(8) 

5 cc. 

4 4 4 4 +2 cc. 4 4 

+8 cc. “ 


Great dehydration 

(9) 

5 cc. 

44 44 +1 cc. 44 

+9 cc. 44 


Great dehydration 

(10) 

5 cc. 

‘ 1 44 +10 cc. m KsCeHtO? 


Great dehydration 

(11) 

5 cc. 

44 44 +10 co. HaO 


Mobile liquid 
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TUtl.K XUH 

PoTAHHH'M C H ydrttxiil f- Ptiimtxiutn ('hltwul 




<Viot-ot mt»on of Miutur* 


Itamark*. 

CD 

5tu\ JHit WUMtl III 

tlralr t 2 rr An » 7rr 

II»4I f I rr in KC*I 

Huff g«d 

(2) 


♦ «* i r * ' ‘ ’ | ll rr 

f 2 rr ’ ‘ * ’ 

Huff ««*! 

(3) 

it vv 

i **«« " ' | for 

t II rr ” 

Huff grl 

(4) 

A w 

♦ **««' " f 4 rr 

' * f 4 rr ” ’ ’ 

Huff gtd 

m 

Srt\ 

♦ 2 ri ' * It r* 

'" f ft 1 ’«' " ” 

l***m attff pd, slightly 
turbid 

m 

it ms. 

f.?rr * * Sri 

' * * fl rr * ' " 

Ib*ert'imingJy stiff *tl, 
slightly turbid 

(7) 

& «w. 

" ♦ 2 rr 1 f 1 * r 

‘ 1 7 rr " 

Itawiuiiitgly stiff *tl, 
»h«htly turbid 

CHI 

hms. 

1 '2 * r ' ' ' t H rr 

Mi till ■ 

] 

I^r«»»mily stiff g«3, 
slightly turbid 

m 

ft re 

» **«( ' ‘ t Her 

Il*f # 1 

Ur | 

(10) 

fire 

i III rr }})l 1 <r*»t 


Mobil* liquid 


1 Ufi.F xuv 


I'trrAHnivM i H,t. \ r>. t*t4mmum ll ytiraxvl \ Ptdmmtm ('hfaritl 



< ’tMirrtif » Ml urn t»f inniturr 




(1) fir* pottMsfHtltn ojratr | J rr 

KM« h«t|f I 1 rr 

Il»ll f I rr in KH 

U*d» Iwginnmg 
drat ton 

d«hy* 

ri) Are 

i J «* 

flirt 

♦***'* 

Url« increasing, 

dr Alton 

drhy- 

t;i) A rr 

*’ * ♦ 2 rr 

+ Arr 

" IA t*r ” ** 

U(d, increasing 

that ton 

dehy- 

(4) fU»t?„ 

" ’ f J n 

1 4 rr 

f 4 w>. *’ " 

Uel, iucrraatng 
dration 

dehy- 

(ft) Am, 

* ’ ’ ' |*it 

t Jrr 

t Arc* " * * 

llrl, triiwAsttiR 
driition 

tlf*hy- 

C«l ftw, 

*• ' * y* * 

U'tr 

" t tier " •* 

CM, increasing 
dration 

d*»hy- 

(7) B ms, 

*' * ’ t 2 rt 

“ » I rr 

" l 7 re *' ’* J 

1 

Uel, increasing 

dralton 

*h»hy« 

CH| Arc, 

* * ' ’ * ;? rr 

? H rr 

m KCI j 

Marked dehydration 
and aap&ration 

CD! Aw, 

(10) ftw, 

** *’ ♦ Hrr 

" *' flitrr 

*' 4 Hrr 

1 IMl U*o|«fr«»l| 

Hit > (control) | 

(‘bar gel 

Mobil*? liquid 
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SOAPS AND PROTEINS 


TABLE XLV 


Potassium Ole ate —Potassium ChloridPotassium Hydroxul 




Concentration of mixture. 

Remarks. 

(1) 

5 cc. potassium oleate+2 oc. m 

KC147 cc. HaO 41 cc. 5 n KOH 

Viscid 

(2) 

5 cc. ‘ 

“ 42 cc. “ 

“ 40 cc. 44 42 cc. “ 

Stiff gel 

(3) 

5 cc. “ 

“ +2 cc. “ 

“ 4*1 cc. 44 f-3 cc. 44 

Stiff gel 

(4) 

5 cc. 

“ +2 cc. “ 

44 44 cc. 44 44 cc. “ 

Less stiff gel, begin¬ 
ning dehydration 

(5) 

5 cc. * 1 

“ 4-2 cc. ‘ ‘ 

44 43 cc. 4 4 4 o ee. “ 44 

Increasing dehydra¬ 
tion and separation 

(8) 

5 cc. 4 

‘ ‘ 4*2 cc. ‘ ‘ 

44 42 cc. 4 4 40 cc. “ 44 

Increasing dehydra¬ 
tion and separation 

(7) 

5 cc. 

44 4-2 cc. “ 

41 cc. 4 4 4 7 cc. 

Increasing dehydra¬ 
tion and separation 

(8) 

5 cc.- * 

4 ‘ 4*2 cc. 4 ‘ 

44 48 w*. 5 n KOII 

Increasing dehydra¬ 
tion and separation 

(9) 

5 cc. * 

44 4*2 cc. 44 

4 4 48 cc, HaO (control) 

Mobile liquid 

(10) 

5 cc. ‘ 

‘ “ 410 cc. HaO (control) 

Mobile liquid 


TABLE XLVI 

Potassium Oleatk— Potassium Ilydroxid Sodium ('blond 


Concentration of mixture. j ltcmarks. 


(1) 

5 cc. potassium oleate42 cc. 5 n KOH 47 cc. 

Hat) 4 1 cc.mNaC’I 

Stiff gel 

(2) 

5 cc. 


44 42 cc. 44 

44 40 cc. 

44 12 cc. “ 44 

Htiff gel, slight tur¬ 
bidity 

(3) 

5 cc. 


“ 42 cc. 4 4 

44 46 cc. 

44 f3 cc. 4 4 4 4 

Stiff gel, slight tur¬ 
bidity 

(4) 

5 cc. 


“ 42 cc. 44 

4 4 44 cc. 

4 4 44 cc. “ * 4 

Htiff gel, slight tur¬ 
bidity 

(5) 

5 cc. 


44 42 cc. “ 

44 43 CC. 

4 4 1-6 cc. “ “ 

Htiff, gel slight tur¬ 
bidity 

(6) 

5 cc. 


“ 42 oc. 4 4 

42 cc. 

44 1-0 cc. 4 * “ 

Ciel with beginning 
dehydration and 
separation 

(7) 

5 cc. 


“ 42 cc. 4 4 

“ 41 CC. 

4 4 47 cc, 4 4 4 4 

Great dehydration 

and separation 

(8) 

5 cc. 


“ 42 co. 44 

44 48 cc. 

m Nad 

Great dehydration 

and separation 

(9) 

5 cc. 

4 * 

' * 4 42 cc. 4 4 

“ 48 oc. HaO (control) 

Viscid 

(10) 

5 cc. 


410 cc. HaO (control) 


Mobile liquid 
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TABLE XLVII 


Potabsium Ole ate— Sodium Chloride Potassium Hydroxid 




Concentration of mixture. 


! 

Remarks. 

(l) ft cc. potassium olcate 4-2 oc. m 

NaCl +7 cc. HaO 

4-1 oc. 5n KOH 

Viscid 

(2) ft cc. 

* • 

* 4 +-2 cc. “ 

“ +6 co. “ 

4" 2 cc. * 1 44 

Stiff gel 

(3) ft cc. 


“ 4*2 cc. “ 

‘ 4 4** ft cc. “ 

4-3 cc. “ “ 

Stiff gel, slight tur¬ 
bidity 

(4) ft cc. 


4 ‘ 4*2 cc. 4 * 

“ 4*4 cc. “ 

4“ 4 cc. 44 *' 

Stiff gel, beginning 
dehydration and 

separation 

(5) 5 cc. 


44 4*2 cc. “ 

" 4*3 cc. ‘ 4 

4* ft cc. 44 “ 

Increasing dehydra¬ 
tion and separation 

(6) ft cc. 


* * 4" 2 cc. * ‘ 

* * 4*2 cc. * ‘ 

4*0 cc. “ “ 

Increasing dehydra¬ 
tion and separation 

(7) ft cc. 


" f 2 cc. 4 ' 

*' 4* 1 cc. “ 

4” 7 cc. “ * 4 

Increasing dehydra¬ 
tion and separation 

(8) ft cc. 


* * f 2 cc. 44 

“ f 8 cc. ft n KOH 

Increasing dehydra¬ 
tion and separation 

(«) ft cc. 
(10) ft oo. 

** 

' 4 +2 cc. “ 44 4-8 co, HjO (control) 

“ +10 cc. H*0 (control) 

Mobile liquid 

Mobile liquid 


TABLE XLVIII 


Potabhium ( )leatk~ —Potassium Chlorid 


Concentration of mixture. 

Remarks. 

(1) 5 cc. potassium oleate4*9 cc. Hi()4-1 cc. m KC1 

Liquid 

(2) ft cc. 

44 44 4-8 cc. “ 

4*2 cc. 4 4 4 4 

Liquid 

(3) ft cc. 

“ •* 4*7 cc. 44 

4*3 cc. 44 44 

Liquid 

(4) ft cc. 

44 “ 4*0 cc. 44 

4*4 cc. 44 44 

Hlightly viscid 

(ft) ft cc. 

“ “ 4* ft cc. “ 

4-ft cc. 4 4 4 4 

More viscid 

(ft) ft cc. 

44 44 4-4 cc. “ 

4*6 cc.. 

Gel 

(7) ft cc. 

44 4*3 cc. 44 

4-7 cc. 4 4 4 4 

Gel 

(8) ft cc. 

44 44 4*2 cc. “ 

+8 cc, 4 4 4 4 

Stiff gel 

(0) ft cc. 

44 “ f 1 cc. 4 4 

4*9 cc. “ “ 

Stiff gel 

(10) ft cc, 

4 4 4 4 4" 10 cc. m 

KOI 

Stiff gel 

(11) ft cc. 

4 4 44 4* 10 cc. HsO (control) 

Mobile liquid 
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SOAPS AND PROTEINS 


TABLE XLIX 

Potassium Olkatk— Sodium Chlorul 


Concentration of mixture. 

(1) 5 cc. potassium oleate+9 cc. Hat) 4*1 cc. m NaCi 

(2) 5 cc. 44 “ +8 cc. “ +2 cc. 

(3) 5 cc. “ “ +7 cc. “ +3 cm‘. “ “ 

(4) 5 cc. “ “ +0 cc. 4-4 ec. 

(5) 5 cc. “ “ 4*7> cc. 44 +5 cc. 44 

(6) 5 cc. “ 44 +4 cc. 4*3 cc. 44 

(7) 5 cc. 44 “ 4-3 cc. “ 4-7 cc. “ 

(8) 5 cc. 44 44 4-2 cc. “ +8 cc. 

(9) 5 cc. 44 44 4-1 cc. “ 4 9 cc. “ “ 

(10) 5 cc. “ “ 4-10 cc. m NaCl 

(11) 5 cc. “ 44 4-10 cc. H*0 (control) 


TABLE L 

Potassium Olkatk —Amtwmmm Chlorid 


Concentration of mixture. Remark#, 


(1) 5 cc. potassium oleato49 cc. Ha()4*l cc. m NILC’l 

Mobile, slightly turbid liquid 

(2) 5 cc. “ 

44 4" 8 cc. 

4 4 4*2 cc. 4 4 

Mobile, slightly turbid liquid 

(3) 5 cc. 

44 4-7 cc. 

4 4 4*3 cc. 4 4 4 4 

Mobile, slightly turbid liquid 

(4) 5 cc. 4 * 

4 4 4-3 cc. 

4 4 4*4 cc. 4 4 4 4 

Mobile,slightly turbid liquid wit 
progressively thicker collar 

(5) 5 cc. 

4 4 4*7) cc. 

4 4 4-« r ) cc. 44 “ 

Mobile, slightly turbid liquid wit 
progressively thicker collar 

(6) 5 cc. 

4 4 4-4 cc. 

“ 4*3 cc. 4 4 4 4 

Mobile, slightly turbid liquid wit 
progressively thicker collar 

(7) 5 cc. 

44 4*3 cc. 

44 4*7 cc. 44 44 

Mobile, slightly turbid liquid wit 
progressively thicker collar 

(8) 5 cc. 

44 4*2 cc. 

44 4-8 00. “ 

Mobile, slightly turbid liquid wit 
progressively thicker collar 

(9) 5 cc. 

4 4 4" 1 cc. 

4 4 4*9 oo. 4 4 4 4 

White mobile liquid 

(10) 5 cc. 

4 4 4*10 cc.. m NHLCI 

White mobile liquid 

(11) 5 cc. 

“ 4-10 cc. 

HaO (control) 

Mobile liquid 


Remarks. 

Liquid 

Liquid 

Slightly viscid 

(lei 

Gel 

Gel 

Less viscid gel 

Beginning dehydration and sepa 
ration 

Increased dehydration and sepa 
ration 

Increased dehydration and aepa 
ration 

Mobile liquid 
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ruu.i: u 

(’otammu m Ot.mrK Mitymmum Chhrid 


C*4 UtuimrkK 

( 1 ) ftrr *4**#ir * f * Hi<» * I rt in nil MifC It, Mutuir liquid 

(2| ft rr '' * H *'*' 1 * f rr ’ Hhfthtly cloudy 

0 } ft rr ” * ‘ * * "* r ' : Mobil* milky liquid 

( 4 ) ft «t ’ ‘ * I* 1 rl ‘ l** 1 M*< *l» Mobil* milky liquid 

(ftl ft cr ” ’ * » * * If d * " i *» »#} in Mg< ‘l» Mobil* milky liquid 

(til ft rr ’ “ 1 A rt * 181 " Thick milky liquid 

(71 ft rr '' * l* 1 rr iM 1 ,} M*l b Thick milky liquid 

(Hi ft rr ” ’ * 111 rt If 5,11 <i*u*f t»i|t j Mttblfr liquid 


I IHt.l-. SJI 

|*trrAM#iii m Uuum f Return VMtmd 


r. # ipipfiift*« I Kcmttrki* 

(II ft rr *dr«lr* ♦ u rr lid * » t»r *u MW ( '*< i* More liquid than control 

(21 ft cr *’ * » b» fiir " Home white jtrerqn title 

(31 ft rr ” ” t ft rr *'«»r ' ’ * IttcrnuilliK amount of whit** 

i }trt*cqniitU' 

(4| ft rr " ” f III rr to 1**1 * »l h \ liw’fe»*inj| amount of white 

(ft) ft rr ” ’ * % •>' Hd * » i * * tu III t ‘(*1 It InrrcitfttnK Amount of white 

1 (tfrrqntiilc 

(tl) ft rr " ' I *■* ' # ft »*- ” Milky white 

(I? ft rr ” -♦ |li«r to till »l li Fluid sw muter 

(K) ft rr " ” * IM * * lid i Mobile liquid 
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SOAPS AND PROTEINS 


TAHI.K UII 

Potassium Olkatk— Cupric Chlorid 




Concentration of mixture. 


Remarks. 

(1) 

5 cc. potassium oleate + 9.99 cc. 

HaO + Q.Ol 

cc. mOuCl* 

Clear liquid 

(2) 

5 cc. 

“ “ +9.8 cc. 

“ +0.2 

cc. “ “ 

Turbid liquid 

(3) 

5 cc. 

“ “ +9.5 cc. 

“ +0 5 

cc. " “ 

More turbid liquid 

(4) 

5 cc. 

“ “ +9.0 cc. 

‘ ‘ -M0 

cc. '' “ 

Milky liquid 

(5) 

5 cc. 

" “ +8.0 cc. 

“ | 2.0 

cc. “ " 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(6) 

6 cc. 

“ “ +7.0 cc. 

“ +3.0 

cc. * ' * ’ 

i 

Dry masses of copper soap 
swimming m free dispersion 
medium 

(7) 

5 cc. 

“ “ +0.0 cc. 

“ +4.0 

cc. ‘ ‘ * * 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(8) 

5 cc. 

“ “ +5.0 cc. 

** +5.0 

cc. “ ** 

Dry masses of eopper soap 
swimming in free dispersion 
medium 

(9) 

5 cc. 

“ “ +4.0 cc. 

*• +0.0 

cc. “ *' 

Dry manat's of eopj.er soap 
swimming in free ding ersion 

medium 

(10) 

5 cc. 

“ “ +8.0 cc. 

“ +7.0 

cc. ‘ ’ ** 

Dry mw«8 of eppper soap 
swimming in free dispersion 
mtHiium 

(11) 

5 cc. 

“ “ +2.0 cc. 

*' +8.0 

cc. '* ** 

Dry maasesi of cot>| er soap 
swimming in free dispersion 
medium 

(12) 

5 cc. 

“ “ +1.0 cc. 

“ +9.0 

00 . '* * * 

Dry masses of eopper soap 
swimming in free dispersion 
medium 

(13) 

5 cc. 

“ “ +10 cc. m CuCl* 


Dry masses of copper soap 
swimming in free dispersion 
medium 

(14) 

5 cc. 

“ “ +10 cc. HaO (control) 

Mobile liquid 
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(' 2 ) .MV 

cm 

(41 firr 

(.>) * f » «■«’ 

cm .'mt 

(71 f.rr 

«H| . f M« 

m m- 

U<n .w 

mi :» i* 


tuu.i: uv 

IN n \nsu m Oi,i;vri\ Frrrit ('hlorid 


< ’«*!»«'«• Hf t It I lull of tOltf t|t< 


litumtrka. 


..irnfi * »i M IM » * 1 .« m !UiI «*< % 


1 »* f i, HI FrCi 


1 « i In I»’r>( 1 


M»«* If-*» *» 


Tiifhki liquid, 

Im*r«*a*»iisgly turhid liquid, tutt- 
|w*udrd part iotat of inm'iuting 

MMV 

lni*N»iiitiiigly turhid liquid, mm- 

j«*nd«'tl jmittrlow of imTCttiuttK . 
M#r 

Inrrottumidy turhiti liquid, nufr* 
ltooth'd jmi ticlr* of incmimiug 
t*U«* 

lunt*»8m«Jy turhiti liquid, »n»- 
|«u»«lrtl iwrtiHhm of mt*rm*ting 

*»«* 

lurtmurngly turhiti liquid, tm»« 

jtt’ittlrti jutitirlrs of int'mtMing 
ftur 

Iltddtsh rogtgulurti of Iron tump 
Mottling in frt'otl tli«|M*r»ioi* 

modium 

Koddndi t'ORgnhim of iron snap 

flouting in fm*d tliMpfinitm 

iiiodiuiu 

ICrddmh t unguium of iron twmp 
flout tug in frtvd <ii»|M*r«ion 

mrtittuu 

llrddwh roaguhiut of iron imap 
flouting tit frwd th«iw*r«it»ti 

mrdmm 
Mohilr liquid 
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SOAPS AND PROTEINS 


TAB 

Gelation and Saltino-out of Vakiouh Pat 


Mol. wt. 

Fatty acid. 

Amount 
acid used 

Condition of mixtures after 

24 hours ujmui addit 

in grains 
(V «3 mol). 

n 

2 n 

| 

3 n ! 

4 n ! 

......i 

f> u 

46 

Formic 

0.0727 

Clear liquid 

Clear li<iuid 

Clear liquid 

( ’lear liquid Clear liq 

* 60 

Acetic 

I 0.0948 

“ 

“ 

.. 

| 

* * 1 

74 

Propionic 

0.1109 

“ “ 

<< * i 

• * '' 

« « * * 


88 

Butyric 

0.1390 


! t, t. 

•* 


.. 

102 

Valeric 1 

0.1012 

•• “ 

,, .t 


.. 

j 

116 

Caproic 

0.1832 


tt 

t, 

.. 


144 

Caprylic 

0.2275 

** 

i 

i 

Solid white 
soap 

Solid wl 

soap 

172 

Capric 

0.2718 

** 

Solid white 

soap 

Solid white 
soap 

Partly 
salted out 

Complel 
salted < 

200 

Laurie 

0.3100 

Solid white 
soap 

Solid white 

soap 

Solid white 
soap 

Completely 
salted out 

(’omplei 
salted < 

Tube number. 


1 

2 

3 

! 4 

5 
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LV 

Acid—Alkali Mixtfuks of thk Ackti<’ Nkiukh 


at 20° (\ of 5 <•«>. sodium hydroxid of the following concentrations: 


« n 

7 n 

M n 

n n 

j 

10 n 

i 

11 n 

j 

j 12 n 

HjO 

Clear 

('lear liquid 

(’lear liquid 

j 

< 'lear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

Clear liquid 

“ 

,, 


,, 

Slight Halt¬ 
ing out ! 

Completely 
salted out 

Completely 
salted out 

“ 


* * * * 

' ’ " 

Viscid white 
soap 

Slight salt- 
ing out 

Completely 

salted out 

(•ompletely 
salted out 

•* 

“ 

Viscid white 
soap 

Partly 
salted out 

Completely 
salted out 

('ompletely 

salted out 

Completely 
salted out 

Completely 
salted out 

“ 

Viscid white 

Viscid white 

Viscid white 

Soli<l white 

Solid white 

Solid white 

Completely 

Acid float¬ 

soap 

soap 

soap 

soap 

soap 

soap 

salted out 

ing on 
water 

Solid white 

Solid white 

Partly 

(’ompletely 

Completely 

Completely 

Completely 

Acid float¬ 

soup 

soap 

suited out 

salted out 

salted out 

salted out 

salted out 

ing on 
water 

Completely 

(’ompletely! 

< ’ompletely 

Completely 

Completely 

Completely 

Completely 

Acid float¬ 

salted out 

suited out 

j salted out 

salted out 

salted out 

salted out 

salted out 

ing on 
water 

Completely 

j 

Completely 

(’ompletely 
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XI 

THE FOAMING, EMULSIFYING AND WASHING PROPERTIE! 

OF SOAPS 

There is still much debate as to what is the property of soap 
(and similarly acting compounds) which when added to wato 
favors the production and maintenance of foams or emulsion* 
Without first entering upon a discussion of the theories whie 
have been proposed, what do the colloid-chemical facts out line* 
in the preceding pages contribute toward a possible solutio 
of the problem? In the several series of soaps described we hav 
thus far correlated their chemical composition and that of th 
various “ solvents ” used with them, with various physicc 
chemical properties of the resulting systems. What is t he relatioi: 
ship between such a property of a soap as its hydration capaeit; 
and its ability to yield a foam; or what is the relationship betwee 
this hydration value and the production and maintenance of a 
emulsion? A proper answer to these questions may prove < 
help for the solution of that secondary technological problei 
which concerns the washing properties of soap, which, as rur 
held by various authors, are intimately associated with its foamin 
and emulsifying qualities. The following paragraphs show th( 
the foaming, emulsifying and washing properties of soaps are 
function, in the main, of their hydrophilic colloid character. Onl 
those soaps foam or emulsify which under the conditions of their ui 
yield liquid and hydrated colloids. 

1. The Foaming Properties of Soaps 

We need to begin these paragraphs by a definition of whf 
constitutes a foam. As ordinarily understood, it is a subdivisio 
of a gas in a liquid. There exist also, however, what, may I 
termed solid foams, namely, subdivisions of a gas in a solid, i 
in ordinary pumice, but since such solid foams were invariabl 
produced when the now solid phase was liquid, these are real] 
only a subclass of the liquid foams. When not otherwise specific 
we refer in these pages only to the liquid foams and the conditioi 
surrounding their production and maintenance. 
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It is of importance next to distinguish between the production 
of a foam and its maintenance after production. Authors who 
have written on this subject have rarely done so. Mere contact 
between a gas and a foaming agent does not produce a foam—the 
gas must be stirred, blown or mixed into it. When we speak 
off-hand of a foam-producing material we really mean something 
which will stabilize the foam once it is produced. 

§1 

In order to discover if any relationship existed between the 
colloid properties (or more particularly the hydration capacities) 
of different soaps and their foaming qualities we chose for first 
study the sodium soaps of the acetic acid series. To obtain com¬ 
parable results, 10 ee. of equimolar “ solutions ” of the different, 
soaps were placed in tall test-tubes (30 cm.X2 cm.) and shaken. 
In order that all might Ik*, tmated equally from the point of view 
of foam production, all the tubes were clamped in a frame, the 
shaking being continued for thirty seconds. For reasons which 
will become clear later, the tcmi>erature is an important, factor 
and must he watched carefully. Moreover, since the systems 
resulting at any fixed temi>erature when soap/water mixtures 
are brought to the desired tenqx»rature from a higher point differ 1 
from those which result when they are brought to such temper¬ 
ature from a lower one, all the soap “ solutions ” about to be 
described were started at a low temperature and then brought 
to the higher ones. Tul>es, water and soaps were therefore all 
first reduced to t he lowest temperature used in these experiments, 
namely, 8° (!. After they had remained at this temperature for 
twenty-four hours the proper molar solutions were made by mix¬ 
ing the soaps with the water. After another period (twenty- 
four hours) of standing and careful mixture until (apparent) 
homogeneity had been attained, the tul>es were shaken violently 
for thirty seconds to permit of the formation of foam. They 
were photographed after four minutes, then left to themselves 
for two hours, still in the thermostat, and photographed a second 
time. After this first series of observations, the tubes with their 
reaction mixtures were then warmed to the next higher temper¬ 
ature, namely, 26° C. and kept at this for twenty-four hours. 

1 Bee page 74. 
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After shaking, photographing, allowing to rest, and rephoti 
graphing, wc repeated the whole proems at. 50° O. and final] 
at 100° C. 

The results obtained in the ease of t ho sodium soaps of t.l 
acetic acid series at the concentration 2 m. an* shown in the phot 
graphs of Figs. 77 and 78. This was really an attempt to di 
cover where in the series and at what concentration foamir 
will begin. At 8° 0. (the lowermost row of tubes in Fig, 7 
it is apparent that no foam is formed by the formate, aeetat 
propionate, butyrate or valerate of sodium. There is just a HUj 
gestion of a foam in the case of the caproate, but clear formatic 
of such does not begin until the eaprylate is reached. At th 
temperature soaps higher 1 in the series fail to yield homogeneoi 
mixtures (“ solutions ”) with the water. The mixtures also ( 
not foam. The absence of the tubes from tin* series in th 
and the subsequent photographs expresses this fad. 

When the temperature is raised to 20° < \ the findings are mu< 
the same except that the caproate shows no signs of foaming ar 
the eaprylate less than at the lower temj>emture. At 50° ar 
100° C. the picture is largely repeated the eaprylate alone foam 
though less than at the lower temperatures. Fig. 78, whic 

1 These higher soaps take up the water offered them hut yield such vise 
systems that they are practically solid. In consequence, air cannot Ik* ensi 
shaken or beaten into them. Just as in the cast*, of the emulsions (see Mart 
H. Fischer and Marian (). Hooker: Fats and Fatty Degeneration, 3 
New York (1917)) the production of a foam is last accomplished when the soj 
is present in a medium concentration and when the resulting system is ease 
tially a liquid hydrated colloid. At ordinary iemijeratures the soaps of t 
acetic series, especially the higher ones, are all more solid oven in t 
presence of considerable water, than the soafw of the hm saturated fat 
acids. For this reason none of them is as good a foaming or emulsifyi 
agent as an oleate, linolate or other liquid soap. 

In general, the melting points of the soaps of the acetic series lie pi 
allel to but above that of their fatty acids. All the fatty acids bek 
caproic are liquid near 0° C. or below. Oaprylic arid is liquid at lft.f 
capric at 31.3°; lauric at 43.0°; myristic at 53.8°; palmitic at d‘2°; marga: 
at 60°; stearic at 69.3°; arachidic at 77° O. 

The lowermost soaps of the acetic series are “soluble” in water and yic 
liquid systems even at a low temperature. In the middle of tin* series and 
ordinary temperatures the acetic series soaps yield liquid hydrated colic 
systems with water, and are the best foam producers. Above* this they yi< 
highly viscid to solid hydrated systems and less favorable ones for foam pi 
duction. Rise in temperature shifts the whole arrangement to the right, t 
lower soaps going into the region of the true solutions of soap in water a 
thus losing their foaming qualities while the higher ones move from the regi 
of the hydrated solid colloids into that of the hydrated liquid ones. 
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shows the appearance of these tubes two hours later, indicates 
that the foams do not last. They die. down fastest at the higher 
temperatures, the greatest permanency, in other words, being 
shown by the foams produced at the lower temperatures. 

It is well to state at once what we hold to be the relationship 
between these findings and our previous considerations of the 
hydrophilic properties of these soaps. The lowermost soaps form 
only solutions in water, they show no hydrophilic, properties, 
and they do not foam. Sodium caprylate, with its mow distinct, 
even though still low, hydration capacity, yields the first satis¬ 
factory foam. It does this best., however, at a low temperature. 
At this it has its highest hydrophilic value. To raise*, the temper¬ 
ature of this soap/water system is to make the* sodium caprylate 
go into true solution in the water, and as this happens the hydro¬ 
philic colloid properties of the system an*, diminished, and, simi¬ 
larly, the foaming properties. The higher soaps do not foam 
because not enough of them “ goes into solution ” to yield a 
(liquid) hydrated colloid system— the water, in other words, 
is either taken up to form an essentially solid mixture into which 
the air cannot be driven, or the soap is so “ insoluble ” that 
the water remains “ free ” and hence there is no lasting foam. 

§2 

It will be noticed that the first foaming qualities in these 
soaps developed in the experiment just described at the concen¬ 
tration 2 m. If the experiment with these soaps is repeated at 
the concentration m, the previously foaming soaps no longer foam 
while soaps higher in the series which did not foam now do so. The 
former of these truths is readily apparent if the vertical set of 
tubes marked 7 (the caprylate) in Fig. 77 is compared with the 
similarly numbered set of Fig. 79. To explain this finding we 
would say that in the lower concentration of sodium caprylate 
illustrated in Fig. 79 the soap is more nearly in u true ” solution 
and that the hydrophilic properties of the system are diminished 
in proportion. But the next higher soap, namely, sodium caprate 
(the tubes 8 of Fig. 79) foam nicely. At 8° the sodium caprate 
does not foam. Most foaming is obtained at 29°, with less at 
the two higher temperatures 50° and 100° 0. 

To explain these findings it must be recalled that at the tom- 
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perature 8° C. sodium eaprate in si ill solid and remains essentially 
only mechanically subdivided in the water. When the temper¬ 
ature is raised to 20° (J. the “liquefaction” point of the soap in 
water is exceeded. In this region most of the soap is in the 
state of a (liquid) hydrophilic colloid, least in true solution, and 
the greatest foam production is in consequence manifest. At 
the two higher temj>eraitires a shift in the soap/water system 
occurs in the direction of true solution of the soap in the water 
at the exfxmse of the water in the soap fraction and hence the 
diminished tendency to foam. 

Fig. 79 shows well how this general law is repeated as we 
ascend in the soap series. Sodium laurate fails to foam at the 
temperatures 8° and 2b° («. At 50° a decided foam apjx*ars 
as evidenced in the tubes marked 9, the. foaming Indng increased 
at 100° (J. Sodium myristute fails to foam at the three lower 
temperatures. At HK)° (l, as shown in the tube marked 10 of 
the top row of Fig. 79, it foams beautifully. Not until the temj>er~ 
ature lies above 50° does the myristate yield a (liquid) hydro¬ 
philic colloid (and a foam). Even at this highest temperature 
sodium paimitate, as indicated in tube 11 of Fig. 79, foams only 
badly. The soap absorbs all the water offered, to yield a thick, 
gelatinous mass into which the air does not enter easily. The 
resulting foam is therefore practically a solid one. 

Fig. 80 shows how the till ms just deserilxid look two hours 
later. It is easily observed that the foams die down most rapidly 
(a) in the lower soaps and (b) at the higher temperatures. 

§3 

Figs. 81 and 82 res|>eetively show the foaming characteristics 
of the sodium soaps of the acetic series at the concentration m/2 
immediately after the production of the foams and two hours 
later. It will be observed that at this concentration the eaprate 

is the lowest member to yield a foam; the amount of foam 
produced in* all the eaprate tubes of this series (the vertical row 
marked 8) is distinctly less than in the corresponding set of tulies 
of Fig. 79. The laurate foams at this lower concentration almost 
as well as at the higher concentration previously described. It 
is noteworthy, however, that in Trig. 79 (the concentration m) 
the better foam is obtained at the temperature of 100° O.; in Fig. 
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81 (the concentration m/2) at 50° C. This is dependent, in our 
judgment, upon the more perfect solubility at the lower con¬ 
centration of the laurate in the water, with diminution of its 
hydrophilic colloid properties as the temperature is raised. 



fe tyt 


m 





Figure 79. 

Fig. 82 shows the appearance of the foaming soaps just 
escribed after having been left to themselves for two hours at the 
esignated temperatures and again demonstrates that foams die 

down fastest in the lower soaps and at the higher tempera¬ 
tures. 
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§4 

In order to test further the general truth of the relationship 
between hydration rapacity and foaming qualities of the different 
soaps, we next studied the potassium soaps of the acetic acid 
series. As previously deseril)ed, 1 the jxdassium soaps are more 
soluble in water and have a higher solubility for water than the 
corresponding sodium soaps. It was in consequence to he exacted 
at a given concentration (a) that the potassium maps would not 
begin foaming as early as the correspond!tig sodium soaps, (b) that 
this foaming quality would he lost earlier with increase in temper* 





• -f 


1 m ' 1 * ’ * 




aiure and (c) that the soajm of the higher faity adds would show 
distinct foaming qualities at tem]>eraturcs at which the corresponding 
sodium smps would be so “ insoluble ” or yield such solid iq/stems 
with water as to make foaming impossible. The truth of these 

1 See pages 14 and 23. 
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general statements is illustrated in Figs. 83, 84, 85, 80, 87 
and 88. 

Fig. 83 shows, when compared with Fig. 77, that, the foaming 
of 2 m potassium soaps at four different, temixmitures does not 
begin until potassium caprylate is reached. This soap foams 
slightly at 8° C. but loses this quality as soon as the temperature 
is increased. The first potassium soap to show a lasting foam 
at the several temperatures is the caprate (the tubes 8 of Fig. 



Figure: 81 . 

83). Fig. 84 shows the appearance of these tubes two hours 
later. The foam has disappeared entirely from the only caprylate 
which showed foaming qualities and from the caprate kept at 
the highest temperature. 

Figs. 85 and 86 show the behavior of potassium soaps of the 
acetic series at the concentration m. The caprate is the first 
in the series to foam, but the laurate and myristate also foam. 
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The potassium soaps, if is obvious, begin to foam at. lower temper¬ 
atures than the corresponding sodium soaps (see Fig. 79) but 
they also lose this quality sooner with increase in temperafure. 
When the tul>e. marked 11 of the- potassium series (Fig. Kf>) is 
compared with the corresponding tube of the sodium series 



Fkjckr 82. 


(Fig. 79) the mom liquid character of the, potassium noap/water 
system evidences itself by tho letter foam production. Fig, 
86 shows how the foams of the {Hdassitim soaps look at the end 
of two hours. It is again obvious that, they die down earlier 
in the series of the potassium soaps than in the corresponding 
sodium soaps, or, put another way, they last longest in the higher 
members of the jKdasstum soaps and at the lower tempera!ures. 






THE COLLOID-CHEMISTRY OF SOAPS 


149 


palmitate and stearate tubes (the series 9, 10, 11, and 13 of Fig. 
87) are compared with the similarly numbered tubes of Fig. 85 
that these potassium soaps foam decidedly better at the m/2 
concentration than at the higher concentration. The foams also 
last well, as evidenced when Fig. 88 is compared with Fig. 87. 
Fig. 88, taken two hours after the foaming was produced, again 
shows that the persistence of a foam rises with the position of a 
soap in the series and falls with increase in temperature, once the 



Figtjbe 88. 


soap/water systems have been warmed above their liquefaction 
points. 
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2. The Emulsifying Properties of Soaps 

We wish now to discuss the relationship which exists bet weei 
the emulsifying properties of the different soaps and their hydra 
tion capacity. Excepting as the concentration necessary for emuhi 
fication is different (usually higher) the same general truths hold fa 
emulsification previously expressed for foaming. 

An emulsion is, by definition, a mixture of two immiscible 
liquids in each other. But from any two liquids such as oil an< 
water, two types of emulsion may be prepared, the one* consisting 
of a subdivision of oil in water, the other of water in oil. Milk 
which readily mixes with water and wets a paper dipjied into it 
may be cited as an example of the former. Butter, which wil 
mix with oil but not with wafer, which greases paper and impart* 
an oily feel to the touch, may be cited as an example of the latter 
The type of emulsion important for an analysis of the emulsifying 
properties of the ordinary soaps is that repre.Himt.ed by the sub¬ 
division of oil in water. 

In the discussion of emulsification we must also disf inguisl 
between (a) the mere production of an emulsion and (h) it* 
stabilization after production. Just as in the* case of foams, flu 
former represents essentially a mechanical process -the one 
liquid must by some means or other be divided into the second 
When we talk about emulsification or emulsifying agencies with¬ 
out modifying clauses we usually mean methods or substance* 
through which an emulsion produced by mechanical means nmj 
be stabilized. 

It has been shown previously 1 that an oil cannot be sub¬ 
divided permanently into pure water, and that the so-callec 
emulsifying agents which make possible the j>ermanent suB 
division of oil in water are hydrophilic (lyophilic) colloids. Amon$ 
the best representatives of this group are the soaps. As ordi¬ 
narily employed for emulsification purposes the soaps are, of course 
mixed. The quantitative studies on the hydration capacities o\ 
the different pure soaps outlined ih the preceding pages, now 
allow us to test out this whole concept of emulsification more 
accurately. What is the relationship between the hydrophilic 
properties of any soap and its emulsifying power? 

1 Martin H. Fischer and Marian (). Hooker: Science, 4.1, 40K (1910) 
Kolloid-Zeitschr., 18, 129 (1910); Fats and Fatty Degeneration, New York 
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In order not to lengthen this discussion unduly, the experi- 
ital facts in the case may be summed up as follows: those soaps 
the best emulsifying agents which at the temperature of their use 
in the presence of water yield essentially liquid systems of the 
? water-dissolved-in~soap. For this reason the oleates, lino- 
s, etc., are, of all the soaps studied, the best emulsifiers at 
inary (room) temperatures because, besides having high hydra- 
l values, they are liquid. 

The sodium soaps of the acetic acid series when used in equi- 
ar concentration show the following characteristics. The soaps 
;he lowermost members through the caproate yield no perma- 
t emulsions. If a sodium caprylate or sodium caprate/water 
)exn is kept just above its liquefaction point, a permanent 
ilsion may be obtained. A slight rise in temperature, how- 
r, makes for separation of the oil from the water phase. The 
Le is true for the sodium soaps of the higher fatty acids. At 
temperatures sodium myristate, sodium palmitate, sodium 
irate, etc., in water do not emulsify, but if the temperature 
Lese mixtures is raised so that the soaps “ go into solution ” 
reality yield liquid colloid systems of the type water-dissolved- 
oap) permanent emulsions can be obtained at once. With 
great increase in temperature, however, the emulsions again 
3 k, and the oil separates off. 

In interpretation of these general findings it may be said that 
lowermost soaps do not emulsify because they yield only true 
itions of the soaps in the water. The systems, in other words, 
e no hydrophilic properties or, put another way, the water 
them is essentially “ free ” and permanent emulsification of 
in such “ free ” water cannot be obtained. With the develop- 
at of distinctly hydrophilic properties by the soaps in the middle 
bhe series emulsification becomes possible, but only while the 
terns are liquid and of the type water-dissolved-in-soap. Only 
ht further increase in temperature, however, is necessary in 
case of soaps like the caprylate and caprate to carry them 
ough this region into the realm of the true solutions of soap 
water, and as this happens permanent emulsification again 
omes impossible.* 

Similar facts hold for the soaps of the higher fatty acids, 
oil cannot be emulsified in any of these higher soaps even 
sn possessed of a high hydration capacity as long as they are 
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solid. But as soon as the temperature is raised sufficiently the n 
suiting liquid colloid systems emulsify splendidly. The matter 
illustrated for the case of sodium palmitate in the right-hand bott, 
of Fig. 89. In this 60 cc. cottonseed oil were ground into 20 ci 








temperature” ° f S ° aP in a hot Watcr bath - At this 
temperature a fine emulsion results. As soon, however as the 

temperature 1S allowed to drop to 25° for a few hours the' system 

cracks, as shown in the left-hand bottle of Fig. 89. If, however 

e temperature is maintained above the liquefaction point of 
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the sodium palmitate/water system, permanent emulsification 
results, as evidenced in the right-hand bottle of Fig. 89. The 
higher soaps, moreover, maintain their high hydration values (as 
liquids) through a considerable range of temperature, wherefore 



further increase in temperature does not serve so quickly to break 
an emulsion stabilized in these higher soaps as in the case of the 
lower ones. The higher soaps, in other words, do not pass as 
quickly as the lower ones into the class of the true solutions of 
soap in water. 
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It is possible to test out these general notions by using the 
potassium soaps instead of the sodium soaps of the acetic acid 
series. The potassium soaps being in general more soluble in 
water and more nearly liquid at a given temperature than the 
corresponding sodium soaps, permanent emulsification requires 
either (a) a higher concentration of the potassium soap or ( b) 
a lower temperature or (c) a soap higher in the series. It there¬ 
fore requires more of a soap low in the series like potassium capry- 
late or caprate to the unit volume of water to yield a permanent 
emulsion. The emulsions so produced also break easily upon 
slight increase in temperature. On the other hand, the potassium 
soaps of the higher fatty acids, which in the presence of water 
yield more liquid systems even at ordinary temperatures than the 
corresponding sodium soaps, may be used to obtain permanent 
emulsions when the corresponding sodium soaps will not act. 
Potassium laurate, myristate or palmitate mixtures with water 
act as splendid emulsifying agents at low temperatures at which 
the corresponding sodium soaps are useless. Even potassium 
palmitate acts well when the temperature at which it is used 
lies but slightly above the ordinary room temperature. This 
is illustrated in the left-hand bottle of Fig. 90. The potassium 
soaps being more readily soluble in water than the corresponding 
sodium soaps with increase in temperature, the fine emulsion 
produced in hydrated potassium palmitate cracks as soon as the 
temperature is raised to that of a boiling water bath. This is 
shown in the right-hand bottle of Fig. 90. In this experiment 
also, 60 cc. cottonseed oil were emulsified in 20 cc. m/16 potassium 
palmitate by grinding in a mortar. 

3. On the Theory of Foaming and Emulsification 

While we have no direct interest in theories of foaming and 
emulsification, it is difficult to work in these fields without inquir¬ 
ing into the nature of the conditions which make foaming and 
emulsification possible. 

It would seem from the experiments which have been detailed 
above and in our previous publications on emulsification that 
permanent foaming or emulsification is possible only as the liquid 
into which a gas or a second liquid is dispersed is changed from 
one possessed of the physico-chemical constants of the pure dis- 
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persion medium into another possessed of those characteristic 
of a liquid hydrated colloid. 

From a gas and a liquid, as from two immiscible liquids, it 
is possible, of course, to produce two types of systems represented 
in the first instance by the dispersion of a gas in a liquid (a foam) 
or of a liquid in a gas (a fog) and represent ed in the second instance 
by the dispersion of the liquid a in 6 (as oil in water) or the dis¬ 
persion of the liquid b in a (as water in oil). When one regards 
as a whole the field of the dispersoids consisting of gas plus liquid 
and similarly that- of the dispersoids consisting of liquid in liquid, 
one is quickly struck by the fact that lasting dispersions of gas 
in liquid (foams) can be more readily produced than the opposite 
type of system; while certain liquids a can be more readily 
emulsified in a second b than vice versa. 

In trying to discover what is the first general relationship 
which determines this behavior, it has seemed to us that a pre¬ 
viously expressed opinion 1 covers the case satisfactorily. Other 
conditions remaining the same, that material is dispersed within 
any second which in response to mechanical deformation shows 
the shorter breaking length. Our meaning may be illustrated 
by reference to Figs. 91 and 92. When air and some liquid 
like liquid hydrated soap are subjected to a deforming move¬ 
ment. (like the beat of a flail) it is obvious that the gas 
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Figure 91. 
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Figure 92. 


will “ break ” sooner than the liquid columns of hydrated soap. 
The soap will, in other words, be drawn into longer threads or 
coherent surfaces than will the air, in consequence of which 
the gas will become enmeshed within the hydrated colloid, and 
a foam will result. 

What happens in the case of two liquids is represented diagram- 
matieally in Fig. 92. If the middle line of the diagram is taken 

1 Martin H. Fischer and Marian 0, Hooker: Fats and Fatty Degen¬ 
eration, 32, Now York (1917). 
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to represent the breaking length of oil threads, the breaking lengtl 
of a soap, like hydrated sodium oleate, is represented by the lowe: 
line of the diagram. For this reason, other things being equal 
the oil tends to break into droplets sooner than the hydratec 
sodium oleate which in consequence remains the non-dispersec 
or enveloping phase. There are, however, other soaps which 
while capable of hydration, yield liquids whose fibers tend tc 
break sooner when drawn into threads than does hydrated sodimr 
oleate, or which at the ordinary temperatures employed are sc 
nearly solid that they break into short fragments. Magnesiuir 
oleate, sodium stearate, etc., may be cited as hydrated soaps ol 
this type. Their breaking length may be represented diagram 
matically, as compared with the breaking length of an oil, b} 
the upper line of Fig. 92. Other things being equal, these materi¬ 
als, therefore, tend to become enmeshed within the oil, yielding 
in other words, emulsions of the type water-in-oil. 

The experiments detailed above, in which were compared 
the emulsifying properties of different soaps (like sodium palmi- 
tate and potassium palmitate, sodium stearate and potassium 
stearate) or the behavior of these soap/water systems, wher 
subjected to heat manipulation, prove the truth of this genera] 
contention. We have also tried to measure the breaking length 
of the different systems which may be used successfully for the 
production of foams, fogs or the two types of emulsions. We 
hope to be able to detail numerical values covering these points 
at another time. The so-called “ finger tests ” of the glue tech¬ 
nologists permit one to predict what kind of system is most likely 
to result from dispersion in each other of a gas with a liquid or a 
liquid with a liquid. 

We are not unconscious of the fact that there may be arranged 
under this conception many of the so-called theories of foaming 
and emulsification adduced to explain the behavior of these 
systems. As previously emphasized 1 there is nothing mutually 
exclusive in the ideas of solvation and the relative breaking lengths 
of any two materials, and the changes in surface tension and 
viscosity, the quantitative relationship between the amounts oi 
the two phases, the formation of a continuous third phase between 
the two general substances making up a foam or an emulsion, the 

1 Martin H. Fischer and Marian 0. Hooker: Fats and Fatty Degen¬ 
eration, 29, New York (1917). 
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“ surface activity ” of various chemical substances in permitting 
the “ wetting ” of contiguous phases, etc., as drawn upon by 
various authors (S. Plateau , 1 G. Quincke , 2 F. G. Donnan , 3 
H. W. Hillykr , 4 Walther Ostwald , 5 T. B. Robertson , 6 S. U. 
Pickering , 7 Ubbeloiide and Goldschmidt , 8 Wilder D. Ban¬ 
croft , 9 G. H. A. Clowes , 10 * S. A. Shorter 11 and James W. 
McBain 12 ) to explain the nature of foaming and emulsification. 
When water is changed to a liquid colloid hydrate, the properties 
of the second are still the properties of a liquid, though quantita¬ 
tively different from the first, and these properties include surface 
tension, viscosity, distribution of dissolved and suspended parti¬ 
cles, etc. But were wo to express a critical opinion of the theories 
of foaming and emulsification as developed by these various 
authors, we would say that, each has failed in the opinion of some 
other author because he has used his theory as an exclusive one 
and as one necessarily universally applicable. As we have repeat¬ 
edly emphasized, a number of factors undoubt,edly play a role, 
and the relative importance of each varies not only in different 
foams and in different emulsions but in one and the same foam 
or emulsion under different circumstances. 


4. The Washing Properties of Soaps 

Empiric practice seems to have succeeded in furnishing soaps 
of good washing properties for almost all technologic needs and 
for use under the most varied circumstances, and this in spite 
of the fact that we seem still to be largely ignorant of why in 

1 S. Plateau: Ann. dor. Physik., 141, 44 (1870). 

2 G. Quincke: Ann. dor Physik., 271, 580 (1888). 

8 F. G. Donnan: Zeitsehr. f. physik. Chem., 31, 42 (1899). 

4 II. W. Hillykr: Jour. Am. Chem. Soc., 25, 511 (1903); ibid., 25, 524 
(1903). 

6 Walther Ohtwald: Kolloid-Zeitschr., 0,103 (1910); ibid., 7, 64 (1910). 

8 T. B. Robertson: Kolloid-Zeitschr., 7, 7 (1910). 

7 8. U. Pickering: Kolloid-Zeitschr., 7, 15 (1910). 

8 Ubbklohde and Goldschmidt: Handbueh der Oele und Fettc, 3, 11, 
Leipzig (1910); Zeitsehr. f. Elcktrochem., 18, 380 (1912); Kolloid-Zeitschr., 

12, 18 (1913); Kolloidchem. Beihofto, 5, 427 (1914). 

2 Wilder D. Bancroft: Jour. Physical Chem., 17, 501 (1913). 

10 G. H. A. Clowes: Jour. Physical Chem., 20, 415 (1916). 

u S. A. Shorter: Jour. Hoc. Dyers and Colorists, 32, 99 (1916). 

12 James W. McBain and C. S. Salmon: Jour. Am. Chem. Soc., 42, 426 
(1920). 
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actual use the soaps act as they do. The following pamgraphi 
do not pretend to bring a definitive answer to the problem, bu 
in connection with the remarks of the preceding panigraphs i 
has seemed to us that they may help toward a formulation am 
solution of some of the general problems involved. 

The oldest, perhaps, of the theories of washing holds thai 
soap owes its cleansing virtues to the alkali which if liberates or 
solution in water. This factor as an important item in the wash¬ 
ing process has been much discredited. While it is not to Ik 
denied thai, its importance was formerly overestimated, it h 
perhaps too extreme to deny if all virtue. The fact that ever 
soft water alkalinized through the addition of sodium, potassiun 
or ammonium hydroxid, sodium carbonate or borax washes beftoi 
than the water alone would seem to make it impossible to deiry 
the virtue of this fact,or entirely. 

On the other hand, the alkali factor cannot be the main 
feature which gives soap it-s washing properties, for the very 
soaps which on hydrolysis yield the largest- overplus of free alkali, 
namely, the soaps of the highest fatty acids, may wash most 
poorly. On the other hand, soaps which by test and under the 
circumstances of their use are strictly neutral may function a* 
ideal cleansers. To explain the action of soap under such cir¬ 
cumstances, its power to produce foams and to emulsify has been 
called into account, and this property has been paralleled with 
its cleansing virtues. If this conception is correct—-and there 
is much to support the idea that if represents the major factor 
in the general washing power of t he soaps - then t he value of dif¬ 
ferent common soaps as generally employed would, on the basis 
of our previous remarks, be about as follows: 

To produce effective cleanmig a certain minimum of mechanical 
washing methods are absolutely necessary . The soiled materials 
must be “ soused ” in the wash water, rubbed on a washboard 
or dragged about in a machine. This constitutes in the washing 
process the equivalent of the mechanical element so necessary for 
the production of foams and emulsions. The “ dirt ” in the 
clothes is emulsified in the hydrated soap of the wash water. 

The soap must now be looked at from the point of view of 
favoring such emulsification and the stabilization of the emulsion 
after production. Obviously, of much importance in this matter 
will be (a) ‘the concentration at which the soap is used, (6) the 
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character of the soap and (c) the temperature at which it is 
employed. 

It is the common practice to mb solid or semi-solid soap directly 
upon the soiled materials or to soak them in a strong soap, stock. 
Even after such soaking, more solid or semi-solid soap is com¬ 
monly rubbed directly upon the more soiled areas. This is all 
expressive of the, need for a hydrated colloid of high concentration, 
for only such will lead to easy and permanent stabilization of the 
u dirt ” (fatty materials and mixed solids) in emulsified form in 
the “ soap water.” 

The ordinary washing soaps (either laundry or toilet) are 
the sodium soaps of several fatty acids. It is of interest to note 
that manufacturers have long used mixtures of different fats for 
their soap slocks. Beginning as they usually do with a liquid 
fat (like cocoanut oil, olive oil, cottonseed oil) they add to this 
varying amounts of the higher fats (like tallow, hydrogenated 
cottonseed oil, etc.). The ultimate soap produced contains a 
long and varied list of fatty acids. Such mixtures must obviously 
satisfy most general needs. Because of the presence of soaps 
of the lowermost fatly acids, quick foaming and quick emulsi¬ 
fication are obtained even at low temperatures. These lower¬ 
most soaps, however, dissolve so quickly that the frugal house¬ 
wife considers them wasteful. Especially is this the case when 
the soaps are used with hot water in which they pass quickly 
into the “ true solution ” stage. For this reason the presence 
of fatty acid soaps from the middle of the series will prove useful, 
for these work well in ordinary “ lukewarm ” waters. They too, 
however, lose much of their virtue if the temperature is raised. 
As effectively working soaps in waters near the boiling point, 
the soaps of the higher fatty acids are required. The palmitates 
and stearates, for example, still maintain their colloid character¬ 
istics when soaps lower in the series have lost theirs through 
“ solution.” 

The facts recited indicate why the temperature at which 
any soap is used has so much to do with its effectiveness. Where 
soaps are to be used in cold water, it is clear that none of the 
higher fatty acid soaps are of any particular use. Only those 
soaps which at low temperatures have definitely colloid character¬ 
istics, and which as ordinarily employed yield liquid colloid 
systems, are effective for washing under such circumstances. 
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This is the reason why sodium and potassium cleate and tfo 
soaps made from oils rich in the lower fatty acids (eocoanut oi 
soap, palm kernel oil soap) are the soaps which, above all others 
are held useful. On the other hand, for warmer waters it is o 
advantage to have present the soaps of the fatty acids higher ii 
the series. Hence the common practice of adding tallow, hydro 
genated cottonseed oil, etc., to the more liquid fats and oil 
used for the manufact ure of toilet and laundry soaps in “ civilized 7 
countries. There is, however, a limit at this end of the aerie: 
also. The sodium soaps above the stearate in the acetic serie: 
do not yield (liquid) hydrated colloid systems below the boiling 
point of water. In this proportion they are valueless as wash 
ing agents. Even the stearate which, since the introductior 
of hydrogenation methods, has boon worked in increasing 
amounts into the common toilet and laundry soaps already come: 
close to the danger line. It will hardly foam or emulsify shori 
of the boiling point of water. A way out of the difficulty, noi 
only for the stearate, but also for some of the other higher fait} 
acids, may be found in the substitution of potassium for the 
sodium of the common soaps. This t rick is employed in “ shaving 
soaps ” in which the waste of a more “ soluble ” soap is compen¬ 
sated for by its readier foaming and emulsifying properties. Bui 
the substitution of potassium for sodium has its defects at the 
lower end of the series—the potassium soaps, being more readil} 
11 soluble ” both in cold and hot waters, pass too quickly throng! 
their working middle of liquid hydrated colloids and hence are 
“ wasteful.” 
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THE COLLOID-CHEMISTRY OF SOAP MANUFACTURE 


I 

PRINCIPLES OF HOT AND COLD PROCESS SOAP 
MANUFACTURE 

1. Introduction 

It will bo the purpose of this chapter to review certain tech¬ 
nical procedures followed in soap manufacture in order to see 
where the concepts developed in the preceding pages may be 
used as conscious substitutes for various empiric practices. In 
doing so we will be struck by an interesting fact. Faced on the 
one side by the myriad problems incident to the handling of a 
widely varying crude material and on the other by the demands 
on the part of the public for a product possessed of certain washing 
characteristics, the practical soap manufacturer has in nearly 
every instance hit upon both a satisfactory process and a satis¬ 
factory product. 

The raw materials used by the soap chemist and, consequently, 
the soaps which he produces are so many and so various that a 
complete review of the situation is not possible. What is said 
in the following pages represents little more than a broad outline. 

We should have an ideal starting point did we know, as a 
first foundation for our discussion, the qualitative and quantita¬ 
tive composition of the fats and oils which enter the soap kettle. 
Even when we ignore the presence, in the crude fats and oils 
employed, of unsaponifiable material, of alcohols other than 
glycerin, of admixed substances bearing no relationship to the 
esters which make up the mass of the fat or oil, etc., we are still 
handicapped by an inadequate knowledge of the complete com- 
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position of even the commoner fats and oils. Or, where suel 
complete analyses have been made* or are* available*, they refer 
of course, only to a specific sample and, as every oil and fa 
chemist knows, another sample obtained presumably from th< 
same sources and under tla* same conditions may still show wid< 
variations in composition. A single fat or oil varies for example 
with the seasons. 

It lies without the limits of this volume to list more than t 
few of the fats and oils which have boon or may be used in the 
manufacture of soaps and to indicate their approximate* compo 
sition. The examples which follow an* of interest either because 
they furnish much of tlu* material whieh is used in soap manu¬ 
facture or because their qualitative composition is such that 
they yield soaps with qualifications of interest to our discussion 

2. The Oils, Fats and Waxes Entering the Soap Kettle 

From a purely ehemical point of view then* is little reason tc 
distinguish between the “oils'* and the ” fats ” of the technical 
chemists; and the same* is true* of the. “ waxes.” All three sub¬ 
stances are essentially nothing but mixtures of different esters 
In the case of the oils and fats these* are almost exclusively glycer* 
ids, and this still holds true for many of the* waxe*s (as “ Japan 
wax ”). At other timers the waxe*s arc* still este*rs, but some* othei 
alcohol may have take*n the place*, of the* glyce*rin. Ni‘ve*rth(*le*ss, 
this practical distinction lH*twe*e*n the thre*e*, groups of substance*s 
the first being liquid at ordinary teiuj>erut arcs, the* se*cond sc»mi- 
solid or solid, ther third definitely solid lias some* value. The 
physical state parallels roughly the kinds and proportions of different 
fatty adds appearing in the various esters , the fatty acids with the 
lower melting points being those most common in the <dls while those 
with the higher melting points predominate in the fats and waxes. 
This matter is of much importance, as will appear later, beeause 
of the physico-chemical differences in the*, soaps whieh am formed 
from these*, different stocks. 

A distinction in soap manufacture Ixdwe»e*n the* fats of vege¬ 
table and those of animal origin has little purposes for both con¬ 
tain qualitatively the same list of glyce*rids. Ne*ve»rthe*le*HH it is 
well to remember that the* two different origins may at times be 
of importance because of differences in the types of impurities 
whieh they bring along. 
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Since the kind of soap formed and its properties are so largely 
a matter of the kind and relative proportion of the fatty acids 
which occur in the original soap stock it is well to begin by listing 
a few of the commoner oils, fats and waxes and giving their per¬ 
centage composition. The series which follows is catalogued 
arbitrarily, those fats which contain the smallest number of fatty 
acids or such as have the lower melting points being given first. 
A more detailed discussion of this subject lies without the limits 
of this volume; for such the accepted handbooks 1 or original 
papers dealing with this subject must be consulted. 

Linseed Oil . A generally accepted average analysis is that 
of Hazura and Grussner which reads as follows: . 


Oleic acid. 5 percent 

Linolic acid. 15 percent 

Linolenic acid. 15 percent 

“Isolinolenic” acid. 65 percent 


In the place of the above analysis, to which J. Lewkowitsch 2 
has raised objection, this author gives the following: 

Solid fatty acids (palmitic, myristic, stearic, arachidic). 7.5 percent 

Linolic acid. 36.5 percent 

Linolenic acid.. .. 56.0 percent 

Poppy Seed Oil. The whole oil carries 6.67 percent of solid 
fatty acids (Tolman and Munson 3 ). The liquid fatty acids 
consist, according to Hazura and Grussner, of 

Oleic acid. 30 percent 

Linolic acid. 65 percent 

Linolenic acid. 5 percent 

Cottonseed Oil. According to. Twitchell, Farnsteiner, Tol¬ 
man and Munson , 4 the whole oil contains from 22.3 to 32.6 per¬ 
cent of solid fatty acids, consisting chiefly of palmitic acid with 
a small quantity of arachidic acid. The liquid fatty acids, accord- 

1 See for example J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 
London (1914); Merklen: Ltude sur la constitution des savons du commerce, 
Marseilles (1906) or in German translation by Franz Goldschmidt, Halle a/S 
(1907); Ubbelohde-Goldschmidt: Handbuch der Oele und Fette, Leipzig 
(1910). 

2 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 61, London (1914). 

3 L. M. Tolman and L. S. Munson: Jour. Am. Chem. Soc., 25, 960 (1903). 

4 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 197, 
London (1914). 
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ing to Hazura, consist approximately of 40 percent oleic acid 
and 60 percent linolic acid. 

Sesame Oil . This oil contains, according to Farnsteiner, 12.1 
to 14.1 percent of solid acids, the liquid acid making up the 
remaining fraction holding usually about 15.8 percent linolic acid 
and 72.1 percent oleic acid. 

Olive Oil According to Tolman and Munson, 1 the solid 
fatty acids of this oil, as obtained from different sources, vary 
between 2 and 17.72 percent. These solid fatty acids are chiefly 
palmitic acid with a trace of arachidic. Stearic acid is absent. 
The liquid fatty acids, according to Hazura and Grussner, 
consist of 93 percent oleic acid and 7 percent linolic acid. 

Castor Oil The whole oil on standing in the cold deposits 
3 to 4 percent of stearic and ricinoleic acids (Krafft 2 ) and 1 
percent dihydroxystearic acid (Juillard). The liquid fatty acids 
of castor oil consist chiefly of ricinoleic and some isoricinoleic 
acid. Oleic acid seems to be absent (Hazura and Gruss¬ 
ner 3 ). 

Cod Liver Oil Crude cod liver oil contains a considerable 
portion of stearic and palmitic acids. The oil as it comes to 
market has usually been freed from these. In the liquid oil 
small quantities of acetic, butyric, valeric and capric acids have 
been found by various authors. There is an absence of oleic 
acid, and it is believed that the bulk of the fatty acids is made 
up of acids less saturated than those of the oleic acid series. 
According to Heyerdahl 4 the following percentages of different 
acids have been definitely isolated. 

Palmitic acid. 4 percent 

Jecoleic acid. 20 percent 

Therapic acid. 20 percent 

Palm Oil This is a mixture of glycerids of oleic acid and 
various solid fatty acids. Ninety-eight percent of the solid fatty 
acids is palmitic acid and 1 percent or less is stearic acid. Hazura 
and Grussner have discovered linolic acid among the liquid 
fatty acids of this oil. 

1 L. M. Tolman and L. S. Munson: Jour. Am. Chem. Soc., 25, 956 (1903). 

2 F. Krafft: Ber. d. deut. chem. Gesellsch., 21, 2730 (1888). 

3 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 398, 
London (1914). 

4 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 430, London (1914). 
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Nutmeg Butter. The composition of this fat is thus sum¬ 
marized by J. Lewkowitsch. 1 2 


Myristic acid. 73 percent 

Oleic acid. 3 percent 

Linolenic acid.5 percent 

Formic, acetic, ccrotic acids. small amounts 

Essential oil. 12.5 percent 

Unsaponiliablc and resinous material. 10.5 percent 


Cacao Butter. This fat contains stearic acid to an extent of 
about 40 percent.. Oleic acid is present in excess of 30 percent. 
Several other fatty acids have been declared to be present, but 
their amounts are debated. Palmitic, arachidic and linolic acids 
have been found and, according to debatable evidence, lauric 
and caprylic are also present . 

Palm Kernel Oil. This interesting and much used fat, accord¬ 
ing to Elsdon 2 is composed of the following: 


Caproic acid. 
Caprylic acid 
Capric acid. . 
Lauric acid. . 
Myristic acid 
Palmitic acid 
Stearic acid.. 
Oleic acid. . . 


2 percent 

5 percent 

6 percent 
55 percent 
12 percent 

9 percent 

7 percent 
4 percent 


Palm kernel oil is largely used for soap making, chiefly in admix¬ 
ture with other oils and fats. Like cocoanut oil, it is eminently 
suitable for the manufacture of soaps by the “ cold ” process. 
The freshest oil is employed in the manufacture of vegetable butter. 

Cocoanut Oil. J. Lewkowitsci-i uses the analysis of the fatty 
acids of cocoanut oil by Paulmyer to produce the following table: 


Caproic acid. 
Caprylic acid 
Capric acid.. 
Lauric acid.. 
Myristic acid 
Palmitic acid 
Oleic acid. . . 


0.25 percent 
0.25 percent 
19.50 percent 
40.0 percent 
24.0 percent 
10.6 percent 
5.4 percent 


1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 564, London (1914). 

2 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2 , 621, 
London (1914). 
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Lewkowitsch adds that the quantities of oleic, eaproie and 
caprylic acids in this analysis are undoubtedly too low. An 
analysis by Elsdon showed the following’: 


Caproic acid. 

Caprylic acid. 

Capric acid. 

. 2 percent. 

. 9 percent. 

. 10 percent 

45 percent, 

Myristic acid. 

Palmitic acid. 

. 20 percent, 

. 7 percent. 

5 pnronnt 

iouCuiILl' <14 141. 

Oleic acid. 

. 2 percent. 


Lewkowitsoii holds that the oleic acid figure in this analysis is 
also too low while that of stearic acid is much too high. 

Jaimn Wax. (Japan tallow). The important fatty acid con¬ 
stituent of this wax is palmitic acid. Among other acids, stearic, 
arachidic and oleic are said to be present. 1 

Gooxe Fat. This fat consists essentially of oleic, palmitic and 
stearic acids. There are present also small quantities of the 
lower volatile acids. 

Ho(f Fat. According to Ernst Twmanmn - lard consists of 
the following: 


Linolic acid. 10.00 percent 

Oleic acid. 40. ‘M) percent. 

Solid acids (by difference). 40.55 percent 


It is possible that linolenie acid is also present. In the group 
of the solid acids are lauric, myristic, palmitic and stearic. 

Tallow. Tallow is essentially a mixture of palmitic, stearic, 
and oleic acids. According to an examination by Link in the 
laboratory of J. Lewkowitsch :i t here are present 28.2 percent 
stearic acid, 28.4 percent palmitic acid and 48.4 percent oleic 
acid. It is possible that traces of other acids like linolenie also 
appear in tallow. 

Butter fat. The following acids have been identified in butter 
fat: acetic (?), butyric, eaproie, caprylic, eaprie, laurie, myristic, 
palmitic, stearic, arachidic and oleic acids. It is held by certain 
authors that butter fat also contains hydroxylated acids. The 
presence of linolenie acid has been described. The percentages 

1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 654, London (1914). 

2 E. Twitchell: Jour. Soc. Chem. Industry, 515 (1895). 

* J. Lewkowitsch : Oils, Fats and Waxes, 5th Ed., 2, 767, London (1914). 
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of the glyeerids of the different fatty acids are as indicated in the 
following table, copied from Lkwkowitsch. 


1 

(JlyeemlH. j ,1. Bki.i,. 

W. UnvTU. 

Sl'AM,A 

.NZANI.* 

Butyrin. 

. ..j ~ 

.012 | 

7.7 

.”> 

. OHO 

Gaproin. 

Caprylin and rnprin . 

2 

,2S0 

} 

1 

0 

.020 
. 207 

Olein. 

...[ 07. 

7.'i0 

42.2 

I 1 0*1 


Pal mi tin, Htearin, <-tr. 

I f> 2 

1)7K 

f.0.0 

/ ,M 

. 51)2 


J 100 


100 

100 



* Si‘M,i,AN/.ANi: I,e St a*. Sperim. Ital,, 28, '117 (l.SS)O). 


Beeswax consists chiefly of free eerotic acid with a small 
quantity of free mellisic acid and small quantities of unsaturated 
fatty acids combined with alcohols. Oeryl alcohol appears free 
in beeswax. Beeswax contains little or no glycerin, other alcohols 
taking its place. 

3. Significance of Some Fat and Oil Constants for the 
Colloid-Chemistry of Soap 

Since complete analyses of the fats and oils which enter the 
soap chemist’s kettle can scarcely be obtained, he must, content 
himself in routine practice with a knowledge of their specific 
gravity, melting point, saponification value, Rkichiokt-Miokssl 
value, iodin number, etc. For the non-teehnically trained, the 
meaning of those values and their probable significance indeter¬ 
mining in advance the colloid properties of the resultant soaps 
when more complete analyses of the fat are missing are appended. 

Since the natural oils and fats are not definite chemical sub¬ 
stances characterized by definite melting points, it becomes 
readily intelligible why discordant results are obtained by any 
of the number of methods available for the determination of the 
melting points of oils and fats. In general, however, it may be 
said that the lower the melting point of a fat or oil, the higher 
the proportion in it of the lower melting point fatty acids, like 
the oleates, linolates or lower members of the acetic series. 

The specific gravity of any pure fat falls in any series with 
rise 'of the fatty acid in that series. Wide differences, however, 
exist between the specific gravities of the fatty acids of different 
series. It is difficult for this reason, to find any relationship 
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between the specific gravity of mixed glycerids and the type of 
fatty acids found in the glycerids. In general, however, the 
lower the specific gravity of a fat the more likely it is to be found 
rich in the higher members of any fatty acid series. 

The saponification value of an oil, fat or wax which indicates 
the number of milligrams of potassium hydroxid required for the 
complete saponification of one gram of the oil, fat or wax is indica¬ 
tive of the amount of potassium hydroxid required to neutralize 
completely the fatty acids in that oil, fat or wax. Other things 
being equal, a high saponification value therefore means a high 
content of the lower fatty acids. 

The REicunuT-MnissL value which shows the number of 
cubic centimeters of decinormal potash required to neu¬ 
tralize that portion of the volatile fatty a,(‘ids which is obtained 
from 2.5 grams of a fat. after distillation by the Rkkmiwht process, 
represents, obviously, the proportion of volatile fatty acid con¬ 
tained in any mixed fat most likely to yield soaps lying within 
the range of those commonly used for washing purposes. 

The iodin value of a fat. or fatty acid is a measure of the pro¬ 
portion of unsaturated fatty acids contained therein. It. maybe 
used as an index, in comparative studios, to the probable pro¬ 
portion of the iinsaturated fatty acids present in any oil, fat. or 
wax to those of the saturated fatty acids and, by inference, of 
the proportion of the soaps of these two series of fatty acids with 
their varying physico-chemical or colloid-chemical constants pro¬ 
ducible from the original material. 

4. Hot and Cold Process Soap Manufacture 

As familiarly known, soap manufacture may be carried on 
by either (a) the cold process or (h) the hot. process. So far 
as the chemistry is 'concerned the two are supposed to yield the 
same result. In either case, a weighed amount, of fat or oil has 
added to it the amount of caustic soda which analysis has shown 
the fat to require for conversion into neutral soap. What, is 
obtained in the end is a neutral soap holding a certain amount 
of water plus the glycerin split off in the process of t he conversion 
of the fat to soap. 

It is a matter of practical experience that, while the process 
of soap manufacture in the cold is the simplest., the results thus 
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obtained are not always so satisfactory as when the process is 
carried out at. a higher temperature. It is also a matter of empiric 
knowledge that, certain fats readily yield satisfactory soaps when 
used in the cold while others, it might almost be said, never do 
so. The extremes are represented, on the one hand, by the use 
of such a fat- as castor oil, cottonseed oil or even palm kernel oil; 
on the other hand, by the use of hydrogenated cottonseed oil, 
stearin or Japan wax. 

What, happens becomes intelligible when the qualities and 
quantities of the fatty acids found in these fats and oils are com¬ 
pared with the physico-chemical and colloid properties of soaps 
which are produced from the different fa,tty acids as illustrated 
in Figs. 1 to IT 1 Soap# arc readily made by the cold process only 
from such fats as arc approximately liquid or yield fatly acids 
which arc liquid at the temperature at which the soap is manufactured. 
In the, older schemes of soap manufacture this process was regularly 
employed wit h such oils as olive, coeoanut and cottonseed. Partly 
because larger and larger quantities of these materials are now 
used for food, and partly because the soaps from these materials 
are relatively soft, and “ wash away ” easily (and for toilet 
purposes, for example, a somewhat tinner product is desired) 
the original oils have, with time, had admixed with them larger 
and larger tract ions of fats with higher melting points. As this 
has happened the difficulty of making the soap by the “ cold ” 
process has increased, for the fats rich in palmitic acid, stearic 
acid, etc., cannot be thus saponified. At higher temperatures 
it is, of course, an easy matter. Since saponification represents 
an exothermic reaction, considerable heat is produced which 
wanns the soap mixture. For this reason fatty acids melting 
at. temperatures considerably above that of the surrounding 
medium can still be saponified in the “ cold.” The higher (solid) 
fatty acids also saponify more slowly than do the lower ones, 
whence the common practice of allowing the necessary fat-alkali 
reaction mixtures, when soap is produced by the “ cold ” process, 
to stand several days, while, to conserve the liberated heat, the 
vats or frames are protected with mattresses. 

The now almost universally employed “ hot ” process of soap 
manufacture may be dismissed with the remark that at the higher 
temperature employed all the oils and fats used (or, in the Twitcii- 
1 Sec pages 10 to 29. 
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ell process, the fatty acids derived from them) are liquid 
and that their saponification in consequence occurs quickly and 
satisfactorily. Since only a few hours are necessary for complete 
saponification by the hot process, this is preferred by (.lie manu¬ 
facturer to the cold process which 

7 »—--may require several days during 

, || g which his vats, frames and machines 

* IfjyiS 1 are kept employed in the manufac- 

■Ji #§§&! ' ture of a single batch of soap. 

. ' ‘ |^i ! What, has been writ! en above may 

'vwMmmmJr i be readily illustrated in laboratory 

| experiments which follow the prae- 

' tices of the soap chemist. In Idg. 

i 93 are shown throe beakers all eon- 

; taining the same mixtures of cotton- 

I seed oil and sodium hydroxid, the 

i amounts having been so chosen as 

^ to yield a theoretically neutral soap, 

g In the first beaker on the left, and 

B in the middle Intaker, the sodium 

S hydroxid solution has been poured 

in a single “ charges ” into the oil, 

< the former having been loft without, 
stirring, the latter having been stirred 
immediately until the mixture showed 
signs of stiffening. In t h('- beaker on 
the right, the sodium hydroxid was 
added in three separate “ charges ” 
(as is the practice in manufacturing), 
proper stirring following each now 
addition of alkali. The photograph 
was taken the following day. It 
will be observed that without st irring 
only a thin soap layer (very dry) 
forms between the oil and the watery alkali and saponification 
seems to come to a stop; that when added at once with 
satisfactory stirring a fine clear soap is obtained; that, when 
added in three fractions a good soap but of less perfect appearance 
results. We shall return to these findings later, but it is evident 
at this time that from a low melting point fat, a satisfactory soap 
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may be obtained by the cold process if only the requisite amount 
of sodium hydroxid is added quickly 


and at once, the mixture is stirred 
until it shows definite signs of stiffen¬ 
ing and is then left to itself. 

Fig. 94 shows that when the cot¬ 
tonseed oil is hydrogenated, when, in 
other words, its oleic acid is converted 
into stearic (and similarly, perhaps, 
certain other unsaturated acids into 
saturated ones) the “ cold ” process 
no longer suffices to make soap. The 
appearance of the first beaker on the 
left in Fig. 94 must bo compared with 
that of t he middle beaker in Fig. 93. 
While no soap seems to have been 
produced in the cold, saponification 
of the hydrogenated fat is satisfactory 
as soon as the reaction mixture is 
heated for a time, as evidenced in the 
second beaker from the left of Fig. 
94. The same general truths are 
brought out in the three right-hand 
beakers of Fig. 94 in which, to mimic 
accepted technical procedures more 
perfectly, a sodium hydroxid of lower 
concentration and a reaction mixture 
containing a larger total of water were 
used to accomplish saponification of 
the hydrogenated cottonseed oil. The 
middle beaker of the whole series 
shows that saponification is again im¬ 
possible in the 6 ‘ cold .’ 7 A partial result 
is obtained if the beaker is heated to 
above the liquefaction point of the fat 
and the mixture is stirred; but to get 
complete saponification the reaction 
mixture must be kept some time at 



this high temperature as shown by the 


satisfactory result in the beaker on the extreme right of the scries. 


Figure 94. 
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Having observed how the type of oil or fat employed determines 
from a chemical point of view whether a cold or hot. process of 
manufacture will yield best results, we need to review the whole 
process once more from the point of view of the changes which 
are incident to the mere mixing of any fat; or oil with an alkali. 
The empiric instructions covering the process are again many. 1 
In the case of certain “ oils ” a stronger alkali may be used than 
when the more solid “ fats ” are employed; or in the case of the 
former all the alkali may be added more quickly or in one charge 
while in the latter several successive and smaller charges must 
be used. The soap maker has here again learned from practical 
experience what may be done with any individual oil or fat., or 
what may be accomplished by mixing or blending such. What 
do these things mean? 

The older soap chemists recognized that, in their “cold” 
process of manufacture, emulsification of the fat played an 
important role; what happened in the hot. process was not so 
clear. 

5. The Mixing of Fat with Alkali. Initial Emulsification 

J. Leimdorfer 2 has correctly said that, the colloid-chemistry 
of soaps begins with the commencement, of their manufacture 
and in defense of this remark has emphasized anew the signifi¬ 
cance of emulsification in the cold method of soap manufacture. 
Leimdorfer points out, that, when any fat. is mixed with caustic 
soda solution the two are emulsified in each other and that in 
the “ gum ” or jelly which results, the process of saponification 
then proceeds to an end. According to Lioimdorfek the soap 
formed “ adsorbs ” the alkali and the fat, the further reaction 
between these materials occurring in the soap gel itself, as it were. 
We shall have occasion to touch upon (he “ adsorption ” phases 
of this explanation later. At this point we wish merely to con¬ 
sider in somewhat greater detail the initial process of emulsi¬ 
fication. 

It is held by various authors that, the occurrence or non¬ 
occurrence of this initial process of emulsification makes possible 

1 As an illustration of the technical literature extant see, for example, 
Alexander Watt: The Art of Soap Making, Ninth Imp., London (191,S) 

2 J. Leimdorfer: Technologic dcr Seife, 5, Dresden (1911). 
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or impossible soap formation by the “ cold ” process. This 
(conclusion has been drawn from the fact that the fats which do 
not emulsify readily in the cold also fail to saponify easily. While 
proper previous (emulsification does accelerate saponification, the 
real difficulty is resident in the nature of the fatty acids present 
in the more solid fats—the higher (solid) fatty glyeerids being 
split with greater difficulty and flue resulting fatty acids combin¬ 
ing more slowly with alkali at low temperatures than do the 
more liquid oils with their lower and more nearly liquid fatty 
acids. 

For the production of an emulsion, whether soap be made 
by t he (cold or the hot process and whether from neutral fat or 
the free fatty acids, if. is necessary to hold distinctly in mind the 
more making of flue emulsion and its subsequent stabilization. 
Aid is rendered tho first, process by the mechanical agitation 
incident to the mere mixing of flue soap-kettle constituents. 
Usually, also, a new batch of soap is started by running the new 
mass of fat or oil to be. saponified into a kettle containing the 
soap remnants loft, from a, previous run. But. oven if a caustic 
alkali is run at once into a (cold or a hot fat., soap formation begins 
very quickly, for rarely are these substances free from a certain 
amount, of free fatty acid. As previously emphasized, it is not 
possible to emulsify fat in pure water. In soap manufacture, 
therefore, the fat is not emulsified in water but , as is necessary in 
all such instances, in a liquid hydrated colloid. Hence the use¬ 
fulness of beginning wit h a soap stock, the greater ease of emulsi¬ 
fication if the fat used is liquid at the temperature employed and 
contains free fatty acid, and the exceeding simplicity of the whole 
process if all the soap is made from free fatty acid (by the Twitch- 
ell process). The. first portion of hydrated (colloid found 
or produced in flue soap kettle then permits the fats or fatty acids 
added subsequently to be properly and permanently emulsified 
in them. 

The (case with which such emulsification is obtained is in 
its turn resident in the physical qualities of the fat. itself. It 
is obvious that emulsification can be obtained more easily in the 
case of a low melting point fat, like the liquid oils, than in that 
of the more solid fats, like tallow, stearin or Japan wax. Emul¬ 
sions are subdivisions of a liquid in a liquid. To get the more 
solid fats into this state an increase in temperature is therefore 
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demanded. It is for this reason that the high mcltmg poml 
fats, which are least likely to yield satisfactory emulsions (am 



Full! 


which saponify badly) at low temperatures, are best used 
higher temperatures. 

Another factor in this matter of emulsification is found 
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the properties of the soap formed to act as the colloid hydrate 
for the emulsification of the fat. For proper emulsification there 



95. 


is necessary not only an optimum concentration of the soap 
used, but also a suitable kind of soap. 

For soap manufacture by the cold process the soaps of the 
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lower fatty acids of the acetic series and the oleales, linolates, 
etc., act best as emulsifying agents, for these yield liquid hydrated 
colloids at the low temperatures prevailing in the reaction mixture. 
When, however, soap manufacture is carried out at a higher 
temperature it is obvious that soaps of the higher fatty acids 
will act better, for at these higher temperatures the soaps of the 
lower fatty acids will have “ gone into true solution,” thus losing 
their hydrophilic character. While the soaps of the higher fatty 
acids are solid in the cold process and of little use for emulsi¬ 
fication purposes, they become liquid hydrated colloids at the 
higher temperatures and stabilize any emulsion that may be 
formed. 

It is of interest to examine microscopically the changes inci¬ 
dent to this emulsification process. Fig. 95 shows the successive 
changes observable when soap is made by the cold process from 
cottonseed oil and caustic soda. After the two mat (‘rials have 
been stirred into each other as previously described for the middle 
beaker of Fig. 93, a soap is rapidly formed • (since cottonseed oil 
usually contains some free fatty acid) in which (lie unused portions 
of oil then become dispersed as shown in photomicrograph A 
of Fig. 95. If a drop of this mixture is watched under the micro¬ 
scope for a little time, the oil droplets are found to diminish in 
size while becoming surrounded with an increasingly thicker halo 
of hydrated soap. This is shown in B. The halo grows in thick¬ 
ness until the whole alkali-fat mixture sets info a firm jelly, the 
appearance at this stage being represented by <7. In the course 
of a number of hours or several days the whole reaction mixture 
comes to chemical equilibrium, when it presents the more or 
less uniform appearance of 7). This final picture represents a 
hydrated mixed soap in which the soaps of the higher fatty acids 
tend to crystallize within the soaps possessed of lower melting 
points. 

6. Concentration of Alkali and Method of Adding it for 
Saponification 

We need now to go back over the course of soap making a 
third time in order to analyze for a moment some of the practical 
facts utilized in determining the method and the concentration 
at which an alkali is added to different fats and oils for their 
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saponification. It may bo stat-ed as generally true that alkali 
may be added in high concentration or in a single charge of the 
theoretically necessary amount only to such liquid fats as cotton¬ 
seed oil, castor oil, linseed oil, cocoanut oil or palm kernel oil. 
When tallow, stearin or Japan wax soap is to be made, the alkali 
must be added in several smaller charges and the concentration 
of alkali in the individual charges must be lower. To give specific 
examples the following may be cited. Linseed oil may be saponi¬ 
fied by adding to it at. once the requisite amount of sodium hy- 
droxid at 24° to 28° Bailing (17.(> to 21.4 percent); cocoanut oil 
will tolerate a first charge at l(>° to 20° Baumd (10.9 to 14.3 per¬ 
cent,). Against, those figures tallow must be treated with a first 
fractional charge at 11° Baumd (7.3 percent) succeeded by a 
second at, 12° to 15° Baum6 (8.0 to 10.0 percent). Even the 
final charge may not, safely exceed 20° Baum6 (14.3 percent). 
What is the explanation for those empirically well known facts? 
It is not a matter merely of the readier saponification of the lower 
melting point fatty acids found in the oils or of the greater tendency 
of the higher fatty acid soaps to hydrolyze. Were this the case, 
then the higher concentrations of alkali should act best upon 
the higher melting point fats, while just the opposite is the case. 
It is the greater sensitive ness of the soaps of the higher fatty acids to 
salting-out effects (of the sodium hydroxid in this case) which 
explains these empiric findings. The soaps of castor oil, linseed 
oil and cocoanut oil can scarcely be salted out by sodium hydroxid 
at any concentration, while the sodium palmitate, stearate, 
araehidate, etc., formed from tallow, Japan wax, etc., come out 
in very low concentrations of alkali. 1 The use of larger volumes 
of sodium hydroxid containing lower concentrations of the alkali 
in the production of the tallow soaps means that the soap as 
formed has more solvent, present in which “ to dissolve ” while 
the concentration of alkali present in this solvent is not sufficient 
to salt out the soap. The alkali added in a first charge is lost 
from the system as it, combines with the fat to make soap, in 
consequence of which the second charge may be of higher concen¬ 
tration for this is quickly diluted on entering the soap kettle by 
the volume of water carried in with the first charge. With the 
second charge of alkali used up in saponification, the third charge 
is quickly diluted with the water left from the previous charges to 
1 See pages 116 to 120. 
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a concentration which will not in its turn salt, out the soap, for 
it is at all times the concentration and not the amount of alkali 
(or other salt) in the entire soap/water system which determines 
its salting-out effects. 

Given the qualitative composition of a fat , the upper limit of the 
concentration of any hydroxid which may be used for its saponi- 
fication is determined by the concentration at which the soap of the 
highest fatty acid found in that fat is salted out at the temperature 
prevailing in the soap vat. 

7. The Changes in Soap Systems Consequent upon Cooling 

The first change to be discussed as the temperature of a boiling 
soap/water system is lowered (whether i( contains glycerin or 
not) is that of its tendency to change from what at the higher 
temperature was a solution of soap-in-wafer to that which at the 
lower is one of water-in-soap. The apparently contradictory 
findings and views which different authors have recited covering 
the nature of the changes observed may all be harmonized when 
these changes from one system to the other (including the pos¬ 
sible intermediates of an “ emulsion ” of hydrated soap in soap 
water followed by one of soap water in hydrated soap) are kept 
in mind. 

Beginning with the days of Oiikvrkul, the soaps were held to 
be salts of the fatty acids containing a definite amount of water 
of crystallization which on solution in water yielded “ solutions ” 
like all other salts. Many physical chemists hold to this view 
into the nineties of the last century, for pure and mixed soaps in 
dilute solution showed an osmotic pressure, an electrical conduc¬ 
tivity, a depression of the freezing point, or elevation of the boiling 
point quite like “ normal ” electrolytes. (James W. McBain, M. 
Taylor, C. C. V. Cornish and R. 0. Bowden, 1 McBain and 
Taylor 2 3 ). Following the studies of F. Krakpt and II. Wiglow 3 

1 James W. McBain, M. Taylor, 0. 0. V. Cornish and R. C. Bowden: 
Berich. d. deut. chem. Gesellsch., 43, 321 (1910); Jour. Chem. Hoc., 101, 
2041 (1913). 

2 McBain and Taylor: Zeitschr. f. physik. ('hem., 76, 179 (1911); 
since this time, however, these authors have modified their views; see 
Jour. Am. Chem. Soc., 42, 426 (1920). 

3 F. Kbafft and H. Wiglow: Berich. d. deut. chem. Gesellseh,, 28, 2573 
(1895). 
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A. Smits, 1 F. Goldschmidt and L. Weissmann, 2 these views 
received modification. Krafft and Wiglow observed that when 
the soaps of the higher fatty acids were studied at low tempera¬ 
tures these commonly did not lower the freezing point in the cal¬ 
culated amount; and Goldschmidt found that the electrical con¬ 
ductivity was not as high as theory demanded. The same soaps 
when studied at sufficiently high temperatures did, however, 
show the behavior of normal electrolytes. Obviously the earlier 
observers and those working at high temperatures dealt with what 
were essentially true solutions of soaps in water; the latter stu¬ 
dents of the problem, working at lower temperatures and with 
higher fatty acid soaps, dealt with mixed systems. The former 
worked in the region A of Figs. 48 and 49; the latter anywhere below 
this but still in regions in which were present solutions of soap-in¬ 
water admixed with solutions of water-in-soap. What characteristics 
of a u true ” solution their mixtures still showed were dependent 
upon the presence of the former; the characteristics at variance with 
those anticipated , in other words , the u colloid ” properties of the 
systems were dependent upon the latter. 

8. The Salting-Out of Mixed Soaps 

The salting-out of mixed soaps has been made the object of 
special study by Merklen 3 and Leimdorfer. 4 Both give excel¬ 
lent analyses of the content of soap, water and dissolved sub¬ 
stances (like alkali and salts) present in the two main phases, the 
“ lye ” and the “ curd ” or “ settled ” soap, which may be ob¬ 
tained after complete or partial salting-out. 

The observations detailed in the previous pages on the salting- 
out of the different soaps help us to explain, we think, in simpler 
fashion than is generally the case the series of changes observed 
in the contents of the soap kettle when salted and cooled. In the 
ordinary salting-out process common sodium chlorid is shoveled 
into the boiling soap kettle in dry form. Assuming that it goes 
into solution at once, it is obvious that there follows a progressive 
increase in the concentration of the salt in a soap/water system. 

1 A. Smits: Zeitschr. f. physik. Chem., 45, 608 (1903). 

2 F. Goldschmidt and L. Weissma'nn: Zeitschr. f. Electrochem., 18, 380 
(1912). 

3 Francois Merklen: Die Kernseifen, trans. by Franz Goldschmidt. 
Halle a/S (1907). 

4 J. Leimdorfer: Technologie der Seife, Dresden (1911). 
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While it is ordinarily thought that all the soaps present in the mix¬ 
ture of soaps in the soap kettle begin to separate out as soon as a 
sufficient concentration of the salt has been obtained, the quan¬ 
titative studies previously detailed show that this is by no means 
the case. A concentration of salt which will salt out the soaps 
of the higher fatty acids of the acetic series will obviously be 
reached sooner than one which will salt out the lower soaps. 
While, for instance, a sodium stearate is salted out in the cold 
by a 5° Baum6 sodium chlorid solution, sodium laurate requires 
a 17° Baum6 salt water (C. Stiepel 2 ). The general truth of this 
law finds expression in the fact that after apparent total separation 
of the mixed soaps as a curd from the spent lye, the latter still 
contains some soap. But the contained soaps are essentially 
those of the lower fatty acids. The curd per contra is relatively 
poor in these. 

During the process of salting-out, a soap mixture frequently 
u gums,” “ goes stringy ” and tends to boil over, a situation 
which the practical soap maker has learned to meet by rapidly 
shoveling in more salt. The explanation of what happens is 
found in the experiments on the salting-out of soaps. Before 
complete salting-out is obtained the previously liquid soap mix¬ 
tures tend to gel because of the emulsification within them of 
salt-water. Through the addition of more salt, however, the 
amount of this salt-water phase is increased and as this happens, 
change in type of emulsion occurs—the hydrated soap now becom¬ 
ing dispersed within the salt-water as the external phase,—and 
the viscosity of the kettle contents falls. 

It is the common practice in the salting-out of soaps to add 
dry salt to the soap kettle. This represents economy, of course, 
from the point of view of the amount of salt needed, for it is the 
concentration of the salt in the total volume of water present 
which determines when the mixed soaps will “ come out of solu¬ 
tion.” Solution of the crystals of salt in the soap kettle, how¬ 
ever, takes time and even the shoveling in of more salt into the 
soap kettle does not at once increase the concentration of dis¬ 
solved salt. The use of a proper brine under such circumstances 
would work better and more rapidly in bringing the soap kettle 
contents to the safe side of the gelation point of the mixture. 

1 C. Stiepel: Fette, Oele und Wachse, usw, 112, Leipzig (1911). See also 
page 116. 
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There needs also to be (explained the differences incident, to the 
salting-out of soap at a high temperature and at a lower one. 
Soap being more soluble in water at a higher temperature, a higher 
absolute concentration of salt, is required to salt, it out at such 
than at, a lower one. The slow reversal in the system from one of 
soap-in-water to one of water-in-soap with lowering of tempera¬ 
ture needs also to be kept in mind. This explains the slow gela¬ 
tion commonly observed in the “ lye ,J after the whole soap-water- 
salt mixture has been allowed to stand for a number of hours. 
The soaps of the lower fatty acids which are still soluble in water 
at the higher temperatures, even when sodium chlorid or other 
salt has been added to the point where most of the soaps are salted 
out, slowly come out of solution, become hydrated, and if enough 
of such are present, the lye itself gels. 1 

9. The Finishing of Soap 

Soap may bo “ finished ” for market, purposes in the. soap kettle 
itself. More commonly, however, the “ curd ” obtained after 
complete salting-out of a soap is reheated, redissolved in more or 
less water and salted out more or less completely a second time 
by again being treated with sodium chlorid of different concen¬ 
trations. 

Depending, on the one hand, upon the kind of fatty acids and 
their quantitative relation to each other in a given mixture (fac¬ 
tors commonly ignored), upon the other, on the amount of sodium 
chlorid added, there may be obtained (1) a grained or curd soap, 
(2) a settled soap, (3) a half-settled soap or (4) a soft soap. 

1 This is the system obtained in making a “settled” soap (the “Kernseifc 
auf Leinmiedersehlag” of the Germans) and that upon which Mkrklen 
made most of his observations. lie considers the gelatinous lye “a solution 
of soaps in an alkaline lye containing salts;” the soap curd also “a solution 
of soaps in an alkaline lye containing salts” and holds the two to represent, 
“phases” in equilibrium with each other (Francois Miorklen: Dio Korn- 
seifen 13, Halloa /S (1907)). As obvious from the above, the “curd” phase is a 
highly concentrated one of hydrated (higher fatty acid) soap containing some 
salt-water emulsified in it; the “lye” phase (when gelatinous) also one of 
hydrated (lower fatty acid) soap of lower concentration and containing a 
high percentage of salt-water emulsified within it. See the succeeding section. 
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§1 

The grained or curd soap is obtained whenever enough sodium 
chlorid is added for complete salting-out of the soap. Under such 
circumstances the vat contents separate into two distinct phases; 
an upper consisting in essence of pure soap containing very little 
water and very little sodium chlorid, and a lower, in essence only a 
strong sodium chlorid solution containing practically no soap. 

For the production of a settled soap a lower concentration of 
sodium chlorid is used. Under such circumstances separation 
into two phases also occurs. The upper is again essentially a 
curd soap but it is less dry this time. Because of the larger 
proportion of water the soap is smoother and of a more homogene¬ 
ous structure. It also contains a larger fraction of salt. The 
lower phase is still in essence a “ salt solution ” but because of 
the less perfect salting-out of the soap (especially of those soaps 
least sensitive to salt action) this phase still contains so high a 
fraction of “ dissolved ” soap that on cooling it jellies. The soap 
system as a whole represents what the Germans call “ Kernseife 
auf Leimniederschlag ” and it is this system which Francois 
Merklen 1 has studied in detail and to which he has applied the 
phase rule. We question whether the true nature of the two phases 
has been correctly understood by this author,—scarcely a matter 
of surprise when it is remembered that he worked throughout 
with mixed soaps. In our judgment, the series of changes ob¬ 
served and the nature of the two phases finally obtained seems 
to be as follows. The concentration of sodium chlorid added to 
the original soap solution is such as will salt out the various soaps 
unequally well and only partially. The soaps most sensitive to 
the presence of salt will obviously tend to come out first, whence 
the upper phase or “ curd ” (rich in soaps of the higher members 
of the acetic series, the oleates, linolates, etc., and relatively poor 
in water) caught in the meshes of which is a certain amount of 
salt water. The latter is responsible for the higher fraction of 
salt found in settled soaps when compared with pure curd soaps. 
Some soaps, especially those produced from the lower members of 
the acetic series, remain in solution in the lower or salt water 
phase but with time these, too, fall out of solution and become 

1 Francois Merklen: Etude sur la constitution des savons du commerce, 
Marseilles (1906). 
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hydrated, whence the late jellying of the lower of the two phases 
in the vat. After such jellying has occurred, the lower phase is 
qualitatively similar to the upper phase but different in quan¬ 
titative composition. "Pile lower phase, too, is an emulsion of 
salt water in hydrated soap, but viewed as a whole this system 
is poorer in soap, and richer in water and sodium chlorid. 

To produce half-settled soap, still less sodium chlorid is used in 
the finishing of an originally curded soap or, as commonly prac¬ 
ticed, not enough salt is added to the hot contents of the soap 
kettle to get any salting-out. On cooling, the kettle contents sim¬ 
ply become fairly solid. Separation into two distinct phases 
does not occur, the contents of the kettle or soap vat simply 
changing to a soap which in essence is an emulsion of salt water in 
a relatively highly hydrated soap. 

If t he attempt is made to increase still further the water¬ 
holding capacity of a soap, a mixture is finally obtained which is 
no longer definitely solid. We then have a so-called soft soap. 

The above paragraphs have described the finishing process in 
soap manufacture as carried out with sodium chlorid. In prac¬ 
tice, however, other materials having an action similar t.o that of 
sodium chlorid may be, and are, used to accomplish similar 
ends. Instead. of being u filled ” with sodium chlorid solut ion, 
soaps may be filled with ingredients more useful in washing, like 
sodium carbonate, borax or water-glass. 1 Under such circum¬ 
stances there are also obtained as final products, emulsions or 
“ solutions ” of these various materials in hydrated soap. 

§2 

The inequality in distribution of such a dissolved substance 
as sodium chlorid, alkali or sodium carbonate between the 
two phases commonly produced in a soap vat (the upper soap- 
rich phase and the lower soap-poor phase) has often been inter¬ 
preted in the terms of “ adsorption.” There is still much debate 
about the nature of adsorption, though it is generally assumed 
that the union between adsorbent and adsorbed material is of a 
physical character and that it follows the adsorption law, which 
states, in brief, that an adsorbent will take up relatively more 
of a dissolved substance from a dilute solution than from a more 
1 See the succeeding section, page 192. 
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concentrated one. Without pointing out that none of the authors 
who have used the concepts of adsorption for the elucidation of 
various problems in soap-making have ever supported their con¬ 
tentions with any figures, it is obvious, if the views expressed 
above are correct, that what they have taken as evidences of “ ad¬ 
sorption ” between various so-called “ dissolved ” substances and the 
soaps (alkali, fat and soap in the original soap kettle; water, salt 
and soap in the salting-out process; sodium carbonate, water- 
glass and soap in the “ filling ” process, etc.) can all be more easily 
understood merely as the expression of the emulsification of one type 
of liquid (like fat or salt solution) in a second (the soaps of the 
various fatty acids with their variable hydration capacities). 

§3 

In the finishing of soaps (particularly the toilet soaps) for the 
market, there is often added glycerin or some other alcohol. 
Under such circumstances the product is more likely to be trans¬ 
parent. The reasons for this are found in the nature of the col¬ 
loid-chemical system soap/alcohol as compared with that of soap/ 
water. The former is uniformly clearer than the latter. From 
certain soap/alcohol systems, like sodium palmitate with benzyl 
alcohol, finished soaps may be obtained which are glasslike in 
appearance. • 

10. Some Physical Constants of Market Soaps 

§1 

Exclusive of admixture with non-saponifiable materials, exclu¬ 
sive of the effects of all additions in the way of excess alkali, salts 
or fillers and exclusive also of variation in type of solvent (pres¬ 
ence or absence of glycerin or other alcohols) a correct estimate of 
what will be the physico-chemical properties of any soap must 
evidently depend first, upon the kind, the number and the relative 
proportions of the fatty acids found in the original fat used for 
saponification. With a given base and with a constant solvent 
(water) the result is that obtained when such a mixture of dif¬ 
ferent soaps is allowed to come together in the presence of a lim¬ 
ited amount of water. 

The ordinary bar of pure soap is therefore essentially only a 
solid “ solution ” of water in a mixture of sodium soaps. Except 
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in the instance of soaps designed to meet special purposes, the 
stock sodium soap contains a long list of different fatty acids 
and as such serves to meet technologic needs under the largest 
number of ordinary circumstances. Usually, in the manufacture 
of such soap some liquid oil or fat (like coeoanut oil) has had 
added to it, smaller fractions of the more solid fats (like stearin, 
tallow or Japan wax). The result, is a set of some eight to fifteen 
different soaps of widely varying “ solubility ” in water and sen¬ 
sitiveness to salt, action, and possessed of a chain of fatty acids of 
progressively different melting points. 

When such a mixed soap is completely salted out from its 
“ solvent ” as a curd soap it is a relatively dry affair, the yield 
from 100 parts of the original fat being only about. 150 parts of 
finished soap. When neutral and carefully handled this is the 
basis of most, of the common toilet soaps. The advantages of 
such a material for all ordinary purposes are obvious. The soap is 
free from any excess of alkali or sodium chlorid and the series of 
soaps present yields a satisfactory (liquid) hydrated colloid with 
water at any of the ordinary temperatures at, which it, may be used. 
Since, moreover, in the salting-out process, the higher acetic 
series soaps come out first- and the lower ones with the oleate come 
out later, the arrangement of (he different soaps within the solid 
bar is also such that the most, readily u solid>le ” soaps become 
hydrated and dissolve*, first,, thus favoring disintegration of the 
bar for the product,ion of the hydrated liquid colloid required 
for washing. 

It is well to discuss here the composition and nature of the 
so-called hot and cold water soaps and the marine soaps. A 
cold water wap is one which will in cold water yield the (liquid) 
hydrated colloid necessary for washing. Obviously only soaps 
rich in the lower fatty acids of the acetic series will do this, and 
hence the use of pure coeoanut oil for the production of such a 
soap, and the omission from the soap kettle of fats rich in palmitic, 
stearic and arachidic acids; for the same reason fats containing 
in essence only oleic, linolic and similarly constituted acids 
are used for such soaps. On the other hand a hot water wap 
must contain the higher fatty acids, for at higher temperatures 
the lower soaps “ dissolve ” and pass through the liquid hydro¬ 
philic colloid state into true solution too rapidly. The marine 
waps are such as will maintain their hydrophilic colloid properties 
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(and consequently will wash) even in relatively highly concen¬ 
trated salt solutions, like sea waler. The ordinary soaps rich 
in the stearates and palmitates an', useless under such circum¬ 
stances, but the soaps of pure cocoanuf oil and similarly con¬ 
stituted fats work very well, for their entire soap series is largely 
unaffected by sodium chloric! of the concentration found in sea 
water. 

The settled soaps, which are smoother and decidedly less dry 
than the curd soaps, owe these properties to the fact that they 
hold more water than the latter. In the curd soaps the higher, 
more solid and more crystalline soaps tend to fall out within 
the more liquid ones, thus making for non-homogeneous soap 
mixtures. When through such loss perfect salting-out these' higher 
soaps are permitted to hold a larger fraction of water the whole 
system appears clearer. Because of the* higher water content 
100 parts of the mixed fats commonly vie‘hi 175 to 200 parts 
by weight of finished soap of the settled type. 

The half-settled soaps and the soft soaps are usually made 
from the kettle contents direct. They differ from curd and settled 
soaps in containing a still larger fraction of water commonly 
250 to 600 parts of finished soap being obtained from 100 part's 
of fat. The water in these soaps is held in part in the soap itself, 
in equally large or even larger fraction, however, as water joined 
to filler. The filler may be sodium chiorid but commonly it is 
water-glass, excess alkali, sodium carbonate or sodium borate, 
or two or more of these in combination. When sodium soaps 
are filled with these materials a final product is obtained which 
is still fairly firm. The distinctly soft, soaps are usually potassium 
soaps made from fats and fatty acids of low melting points. 
These may be and are filled with potassium salts so that the 
final yield may be as great as ten times the orginal weight of the 
fat used. When the filling of potassium soaps is carried out with 
sodium salts a partial conversion to sodium soap occurs which 
tends to make the final product less soft. 


§2 

In connection with the above facts which show how much 
water different soaps may be made to hold, it is of interest to 
introduce some experiments of O. Stikpkl 1 on the hygroscopic 
1 C. Stiepel: Fette, Cole und Waehse, usw., 100, Leipzig (1911). 
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properties of the sodium and potassium soaps of different fatty 
acids. Stiepel found that 100 parts of the following dry soaps 
would take up from the air the following number of parts by weight 


of water: 

Potassium olcatc. 162 

Potassium palmitatc. 55 

Potassium stearate. 30 

Sodium oleate. 12 

Sodium palmit-ate. 8 

Sodium stearate. 7.5 


As we consider the water-holding power of different soaps 
against the forces of evaporation of much biological importance 
(since the metallic fatty acid compounds are analogous; in our 
minds, to the metallic amino (fatty) acid compounds which 
make up protoplasm 1 ) we wish to insert here some experiments 
on the rate of water loss by various soaps when exposed to ordi¬ 
nary atmospheric conditions. The relationship between the 
chemical constitution of a soap and that of the rate at which 
any amount of wafer it holds in colloid-chemical union is lost 
to the air is shown by the following: 

When 10 grams of half molar “ solutions ” of different soaps 
of the acetic scries are placed in low evaporating dishes, 10 cm. 
in diameter, and allowed to lose water at 18° C., the relative 
percentages of weight lost at the end of seventy-two hours are 
as indicated in Table LVI. There is obviously an inhibition to 
water loss by evaporation as the acetic series is ascended and a greater 
water loss in the case of the sodium soaps than in that of the potassium 
soaps. 

TABLE LVI 



Na 

K 

Propionate. 

95.2 

93.0 

Butyrate. 

92.0 

93.0 

Valerate. 

93.0 

93.0 

Caproate. 

91.0 

90.0 

Caprylate. 

90.0 

91.4 

Caprato. 

86.0 

88.0 

Laurate. 

87.0 

87.0 

Myristate. 

85.0 

83.0 

Palmitate. 

83.0 

30.0 

Margarate. 

85.4 

j 15.4 

Stearate. 

79.0 

16.0 


1 See page 205, 
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When half molar “ solutions 77 of sodium and potassium oleate 
are studied under similar circumstances the values differ as 
follows: 

Na K 

Oleate. 86 81 

11. The Conversion of One Soap into Another 

The fact previously stated that one metal will never com¬ 
pletely displace the metal from another soap but that the system 
will merely tend to the production of a state of equilibrium 
between the two has long been taken advantage of in various 
ways in practical soap manufacture, both in the direction of the 
production of a less “ soluble 77 soap from a more soluble one 
and vice versa. 

Under the first heading may be cited the production of sodium 
soaps from potassium soaps. While the process has been largely 
discarded, it remains an interesting illustration of how, empiri¬ 
cally, good methods are followed even when the reasons for the 
practices are imperfectly understood. Especially in the manu¬ 
facture of sodium “ tallow 77 soap was it long considered best 
to start its production through the addition of caustic potash 
to the “ tallow. 77 After the fat was converted into potassium 
soap, this was changed into sodium soap and subsequently salted 
out through addition of sodium chlorid. It is self-evident that 
the procedure in reality represents the production of a potassium 
soap followed by its (partial) decomposition to sodium soap 
through addition of the sodium salt, and the subsequent salting- 
out of this mixed potassium-sodium soap by the excess of sodium 
chlorid mixed with the potassium chlorid formed through double 
decomposition. .The process has been largely discarded in this 
country because of the high cost of potassium hydroxid and 
the lower cost of sodium hydroxid, but it is a question whether 
in so doing something of advantage in the quality of the soap 
produced has not also been sacrificed. The “ tallow 77 soaps 
(and still more those now produced from hydrogenated cotton¬ 
seed and other oils) are soaps rich in the higher fatty acids (espe¬ 
cially palmitic and stearic) and to produce in the soap kettle 
the potassium soaps of these compounds is to produce such as 
are decidedly more soluble (and hence more quickly obtained) 
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than the corresponding sodium soaps. But even after their 
conversion into the sodium soaps, those made by the indirect 
process have advantages not possessed by the sodium soaps 
produced directly, the sodium soaps produced by the indirect 
process being not only softer and smoother but being generally 
more satisfactory in the matter of lathering and for washing 
purposes than the straight sodium soaps. These advantages 
are dependent upon the fact that through indirect manufacture 
the potassium soap is not, completely converted to sodium soap; 
it continues to carry admixed a certain remnant of potassium 
soap, the technologic advantage of which over the sodium soap 
is particularly marked when the higher fatty acids are concerned. 

Advantage of these general truths continues to be taken in the 
present day manufacture of t he “ shaving ” soaps, which are 
essentially only carefully neutralized soaps, which in addition to 
sodium carry a certain amount of potassium as the base combined 
with the fatly adds. Because of their content of potassium 
soaps, especially of the higher fatty acids, the shaving soaps 
lather more easily than the pure sodium soaps and are subse¬ 
quently loss likely to “ dry on the face.” 

Various patents and processes are known to the soap manu¬ 
facturer in which fats and oils are first saponified with ammo¬ 
nium hydroxid and the ammonium soap is then converted into 
sodium soap through addition of sodium chloric! or sodium car¬ 
bonate. The underlying principles are again the same; the advan¬ 
tages of the resulting soap are again those of having admixed in 
the sodium soap a certain amount of “ more soluble ” ammo¬ 
nium soap. 

The reverse situation, namely, that of making a “ more sol¬ 
uble ” soap from a less soluble one is illustrated in the P. Khebitz 
process of glycerin and soap manufacture. In this the fat or oil 
is first converted into calcium soap by boiling it with caustic lime. 
The granular calcium soap thus produced is then changed to 
sodium soap through the addition of sodium carbonate. As in 
the previously described process, in which a certain amount of 
potassium is carried over, the resultant soap in this instance 
carries over certain of the attributes of the original calcium soap. 
Soaps made by this process arc therefore dryer, more brittle, 
and incline to be whiter than the corresponding pure sodium 
soaps made directly from the same fatty acids. 
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II 

FILLERS FOR SOAPS 

The extensive use of various fillers in the manufacture of soaps 
necessitates touching upon this problem. It. has boon discussed 
from many points of view. Various inventors and manufac¬ 
turers have been honest in stating that the primary purpose of 
such fillers is to meet the demand for “ cheap ” soap. Others, to 
justify the procedure, emphasize the improved washing charac¬ 
teristics of such soaps. Thus, a certain excess of alkali is actually 
necessary in the soaps used for cleansing wool; an excess of 
sodium carbonate acts as a softener, when, as is commonly the 
case, untreated water containing calcium or magnesium is used; 
water-glass, so commonly used to fill soaps, has colloid-chemical 
properties similar to those of soap itself. On the other hand, 
sugar tends to keep soaps transparent, while various sands and 
pumice give them abrasive properties which may be of serivee in 
various technologic procedures. The fact remains, however, 1 hat 
“ fillers ” are commonly materials decidedly cheaper than soap 
itself, that they tend, in general, to add weight or water to the 
finished product and that in most instances, as one of our soap 
chemist friends (C. P. Long) puts it, they hasten the millennium 
when the soap maker will be able to “ get a bar of water to stand 
alone.” 

Our problem is fortunately not concerned with the necessities 
or the moralities of the situation, but with the question of what, the 
mixture of soap with these materials means in the terms of colloid 
chemistry. 

Most of the materials used to fill soaps (exclusive of inconse¬ 
quential amounts of perfume, various coloring substances com¬ 
monly employed, and certain “ dirt ” solvents like naphtha) may 
be listed with some one of the following three groups. 

Group /. Sodium chlorid, sodium carbonate, sodium borate 
and sodium silicate. 

Group II. Sugar solutions. 
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Group III. 

(A) Potato flour, tapioca meal, starches and seed husks. 

(B) (day, barytes, asbestos, chalk and solutions of magnesium 
salts (?) 

From a colloid-chemical point of view, it, is easiest to dispose 
of the third group first. With the exception of magnesium sul¬ 
phate (which might more correctly be placed in the first group) 
all the substances used are earths or carbohydrates which, as 
employed, are largely colloid and possessed of a considerable 
capacity for hydration. As such they are therefore only materials 
which, when mixed with the soap, increase the volume of what is 
sold to the public as soap. This does not mean, of course, that,, 
under certain circumstances, the sandlike properties of some of 
these fillers may not be of service or actually necessary in various 
washing processes. * Since the. washing properties of soaps are in 
large measure associated with their properties as hydrated col¬ 
loids and as such properties are more or less common to all hy¬ 
drated colloids whether inorganic (hydrated clays) or organic 
(swollen starch grains), this fact may, of course, also be empha¬ 
sized. But unless the composition and such merits or demerits 
of the material which is sold to the public as soap are clearly 
stated, the motives behind their use cannot be held to be higher 
than those always incident to mere substitution. 

With the market, price of sugar what it is, the use of this 
material as a filler cannot be charged to any desire to increase 
yield while decreasing cost of production. The soaps may be 
“ loaded ” with the sugars (which carry with them not only high 
specific gravity but also a certain amount of water), yet the 
real reason for their use seems now to be that they give increased 
transparency to the product. How the sugars accomplish this 
is not yet settled. The sugars do not at any concent,ration 
“ salt-out ” the soaps so that any combination of the sugar with 
the solvent (as so frequently discussed in the case of the salts) 
must either be decidedly less or of a different type. The sugars 
clarify soap/water systems as do alcohols or aldehyds, which 
prompts us to the conclusion that they have an action like the 
last-named materials and so really owe their effects to the fur¬ 
nishing of such a substitute “ solvent ” for the pure water more 
commonly present in soap. 

In the substances of the first group, we deal throughout with 
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the production of systems similar to those previously discussed 
in the salting-out of soaps. 1 The addition of sodium chtond , 
sodium carbonate, sodium borate and sodium silicate represents 
nothing but a process in which advantage is taken of the fact that all 
these materials become hydrated, and emulsified m the hydrated soap, 
thus yielding a stiffcr and larger amount of mixture than would the 
soap alone. In this fashion soaps can be sold with a larger abso¬ 
lute water content and still appear “ dry. 1 ’ Beyond this, the 
merits or demerits of these fillers depend upon their specific 
properties. Sodium chlorid is obviously entirely worthless,— 
it has no “ softening 11 or other action upon water and its presence 
interferes with the development of the washing effects of all soaps. 
Sodium carbonate and sodium borate do aid in the first-named 
direction and any excess thus unused yields an overplus of alkali 
(after hydrolysis in water) which in its turn is possessed of those 
advantages which any alkali may show in specific washing proc¬ 
esses. The same may be said of sodium silicate (esjieeiully of the 
commercially employed “ water-glass ”) which in addit ion to 
the properties already mentioned yields colloid silicic acid when 
diluted in the process of washing. The colloid silicic acid has 
some of the properties which give to soap itself its washing char¬ 
acteristics. From these advantages must, however, be sub¬ 
tracted certain disadvantages, as the fixation of the silicic acid 
upon the washed materials and their “ felting,” the smarting of 
the skin if the soap is used for toilet purposes, etc. 

How sodium chlorid produces the “ fill ” when added to any 
soap has already been discussed. 2 How sodium carbonate, 
sodium silicate, sodium borate and magnesium sulphate act in 
entirely analogous fashion is illustrated for two pure soaps (sodium 
and potassium oleate) in Figs. 9(> and 97 and Tables LVII, LVIII, 
LIX, LX, LXI, LXII, LXIII and LXIV, which detail the experi¬ 
mental procedures followed. The purpose of the soap maker 
is to obtain, from such otherwise liquid mixtures as are contained 
in the control tubes shown at the extreme right, of all these series, 
the solid soaps found in tubes nearer the middle of each of the 
series. The exact point at which such maximal stiffening of the 
soaps is obtained varies, however, both with the type of soap 
initially employed (whether a sodium or a potassium soap, for 
example) and the nature of the salt used as “ filler.” At the same 
1 See page-93. * See page 113. 
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molar concent nil ion sodium carbonate is least effective, sodium 
silicate takes a middle position and sodium borate is strongest. 
The photographs (and the experimental protocols) show how, as 
these different salts are used, the gelation point is shifted further 
toward the left. It will be noted that sodium borate at half the 
concent,ration of sodium silicate produces an equal degree of soap 
filling, and, also, that- the sodium borate is as powerful in ultimate 
effects as double the concentration of mjignesium sulphate. 1 
It is questionable, of course, whether the addition of magnesium 
sulphate to soap has any justification whatsoever save that of 
giving “ load.” Magnesium sulphate, adds nothing to water which 
improves its washing eharacterisiies and, as the lowermost series 
of tubes in Figs. 9(> and 97 show, it also partially decomposes 
the sodium or potassium soap into the poorer magnesium soap. 

It will be observed in comparing the two figures that there is 
a shifting of the gelation point toward the left as a sodium soap 
takes the place of an equally concentrated potassium soap. This 
is again identical wit h the similar shift observed in all the “ salting- 
out, ” experiments previously described. 

Ordinarily, in the manufacture of the filled soaps, the addition 
of water-glass, borax or other material is carried t.o the highest 
point possible short of the “ cracking ” or “ liquefying ” of the 
mixture, or the “ salting-out, ” of the soap. This point is always, 
obviously, somewhere on this side of the optimum gelation point. 
When through careless mixing or error in judgment the filling of 
a soap is carried beyond this critical point (represented by tran¬ 
sition from the system salt-water-in-hydrated soap to that of 
hydrated-soap-in-salt-water) what is to be done? What must 
he accomplished is the reversal in type of system through dilution of 
the salt and increase in the absolute amount of soap in the system. 
The projwr result is not, obtainable, however, through mere 
addition of more soap and water. One might, think that it could 
be obtained by heating and subsequently cooling the mixture, but 
the soap in these mixtures is near the “ stringing ” point and 
therefore dangerous to heat; or the added compounds are of a 
type which will not stand boiling without suffering hydrolysis 
and permanent decomposition. The best way to proceed is to 

1 In such observations, obviously, lie interesting material facts covering 
the matter of the quantity of “hydration” suffered by different salts in 
solution. 
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dilute the spoiled mixture and let it stand 1 (thereby diluting the 
salt and allowing the soap to increase its hydration); more soap 
may then be added and more time given. This may by itself 
accomplish the desired end, but, if it does not, the whole batch 
should be mixed, with proper stirring and sufficient time, into 
the much smaller batch of. soap/water stock thought necessary 
for the production of the correct ultimate system. 


TABLE LVII 

Sodium Oleate —Sodium Carbonate 


Concentration of mixture. 

Remarks. 

(1) 5 cc. m sodium oleate +9 cc. H 2 O +1 cc. m/2 NaaCOj 1 

Mobile liquid 

(2) 5 cc. 4 4 

“ “ +8 cc. 

‘ +2cc. “ 

Mobile liquid 

(3) 5 cc. “ 

44 44 +7 cc. 

4 +3 cc. 44 

Mobile liquid 

(4) 5 cc. “ 

“ “ +6 cc. 

4 +4cc. 44 

Viscid liquid 

(5) 5 cc. 4 4 

“ “ +5 cc. 

4 +5 cc. 44 

Viscid liquid 

(6) 5 cc. “ 

“ • 44 +4 cc. 

4 +6 cc. 44 

Very viscid 

(7) 5 cc. 44 

“ “ +3 cc. 

4 +7cc. 44 

Soli*d gel 

(8) 5 cc. “ 

“ 44 +2 cc. 

4 +8 cc. 44 

Solid gel 

(9) 5 cc. “ 

44 “ + Icc. 

4 +9cc. 44 

Solid gel 

(10) 5 cc. “ 

44 “ +10 cc. m/2 Na 2 CG$ 

Solid gel 

(11) 5 cc. “ 

“ “ +10 cc. H 2 O (control) 

Mobile liquid 


1 There is no element in technologic practice involving lyophilic colloids 
which is less considered and less properly employed than this of time. The 
chemist is so obsessed by the theories and so ruled by his experience with the 
dilute solutions that he believes that his colloid mixtures ought to act similarly. 
Whenever a lyophilic colloid is concerned it should be remembered that its 
solvation or its desolvation takes all the time which may be included in a proc¬ 
ess of diffusion, of solution and of chemical union—and these things are rarely 
instantaneous. Even when mixtures are correctly made from a quantitative 
standpoint, the result may be worthless if proper time is not given for the 
physico-chemical changes necessary to yield the proper ultimate system. 
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TABLE LVXII 

Sodium ()leate— Sodium, Silicate 


Concentration of mixture. Remarks. 


(1) 

5 cc. m sodium oleate+ 9 cc. 11*0 + 1 cc. m/2 NazSiOs 

Mobile liquid 

(2) 

5 cc. “ 

44 +8 cc. 

44 +2 cc. 44 


Less mobile liquid 

(3) 

5 cc. “ 

* 4 +7 cc. 

44 +3 cc. 44 


Viscid 

(4) 

5 cc. 4 4 

4 ‘ +0 cc. 

44 +4 cc. 44 


Very viscid 

(5) 

5 cc. 44 

‘ ‘ + f) cc. 

44 +, r ) cc. 44 


Solid gel 

(6) 

5 co. “ 

‘* +4 cc. 

44 +() cc. 44 


Solid gel 

(7) 

5 cc. “ 

41 +3 cc. 

44 +7 cc. 44 


Beginning separation 

(8) 

5 cc. 1 * 

44 +2 cc. 

44 +8 cc. 44 


Great dehydration and separa¬ 
tion 

(9) 

5 cc. “ 

4 4 +1 cc. 

44 +9 cc. 44 


Great dehydration and separa¬ 
tion 

(10) 

5 cc. 1 ‘ 

44 +10 cc, 

, m/2 NaaHiO* 


Great dehydration and separa¬ 
tion 

(11) 

5 cc. “ 

44 +10 cc, 

, HsO (control) 


Mobile liquid 


TABLE LIX 

Sodium Oleate— Sodium Borate 

Concentration of mixture. Remarks. 


(1) 5 cc. m sodium oleate +9 cc. IIaO + 1 cc. m/4 NaaB^O? 


(2) 5 cc. 44 

44 +8 cc. 

4 +2 cc. 4 4 

(3) 5 cc. “ 44 

4 4 +7 co. 

4 +3 cc. 44 

(4) 5 cc. 4 4 

44 +6 cc. 

4 +4 cc. 44 

(5) 5 cc. 44 

4 4 b f> cc. 

4 +f> cc. 44 

((]) 5 cc. 4 4 

44 +4 cc. 

4 +0 cc. 44 

(7) o cc. 44 

44 +3 cc. 

4 +7 cc. 44 

(8) 5 cc. 4 4 “ 

' 44 +2 cc. 4 

14 +8 cc. 44 

(9) See. 44 

4 “ +1 cc. 

' 4 +9 cc. “ 

(10) 5 cc. 44 

“ +10 cc. m/4 Na2B<C)7 

(11) 5 cc. 44 

44 +10 cc. 11*0 (control) 


Mobile liquid 

White, milky, mobile liquid 

While, milky, mobile liquid 

Milky soap on top, water on 
bottom 

Milky soap on top, water on 
bottom 

Milky soap on top, water on 
bottom 

Milky soap on top, water on 
bottom 

Milky soap on top, water on 
bottom 

Yell>w soap on top, much 
water on bottom 

Yellow soap on top, much 
water on bottom 

Mobile liquid 
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TAHI.K I.X 

Sodium Oleatk— Maf/nenium Sulphate 

Concentration of mixture. j Hemsuks 


(1) 

5 cc. m sodium oleato + 9.5 cc. Hat) 4*0 ■ 5 oo, m 2 MgH( >< 

Fairly mobile imlk> liquid 

(2) 

5 cc. 1 ' 4 

“ +9. Occ. 

44 4-1 0or. " 

Holid white gel mixture 

(3) 

5 cc. 4 ‘ “ 

44 4-8.5 cc. 

44 41 5oo. 44 

8oiid wlnto granular go! 

(4) 

5 cc. 14 44 

4 4 4" 8-Ore. 

44 {20 oo. ” 

Holid white granular go! 

(5) 

See.' 4 “ 

44 4-7.5 oe. 

4 4 4-2.5 00. “ 

(Irnnuhir wlnto soup, beginning 

reparation 

(6) 

5cc. 44 44 

44 4-7.0 oo. 

44 KM) oo. “ 

<Jranulnr white mmp, more *ej>- 
rimtimi 

(7) 

5cc. 4 4 4 4 

4 4 4-0 • 5 oo. 

4 4 43,5 oo. 4 4 4 4 

(irnnuhir white soap, more sep¬ 
aration 

(8) 

5 cc. 4 4 4 4 

41 4-0. Ooo. 

“ 4* 4.0 oo. 4 4 * * ! 

C Jranubr white snap, inoro §tej>- 
urnturn 

(9) 

5 cc. 4 4 4 4 

4 4 4-5.5oo. 

44 +4. 5 oo. 4 4 4 4 

(Irttmilni w Into soap, inoro roj>- 

nnif ton 

(10) 

5cc. 44 

*' 4“ 5.0 oo. 

“ +5 Ooo, 44 

(Jramilar white »o»p, morenofe* 
urn lion 

(ID 

5 cc. 4 4 “ 

“ 4*10,0 cc. 

HaO (control) 

Mobile liquid 


TABI.K LX I 

Potabbxum Omcatk . Sodium ('arlnmuiv 


Concentration rtf mixture. 

Komar ka 

. 

(1) 5 co. m potassium oloate 49 oo. HaO f 1 oo.m/2Na*r<>a 

Mobile liquid 

(2) 6 cc. 4 4 

44 4*8 oc. 

“ 42 oo. 44 

Mobile liquid 

(3) 5 cc. 4 4 

44 4*7 co. 

44 43 oo. 44 

Mobile liquid 

(4) 5 cc. 4 4 

4 4 4-6 oc. 

44 44 oo. 44 

Mobile liquid 

(5) 5 cc. 4 4 

44 4*5 oo. 

44 45 oc. 44 

Mobile liquid 

(6) 5 cc. 4 4 

44 4-4 00. 

44 46 Of. “ 

Ia'#m mobile liquid 

(7) See. 44 

43 oc. 

44 47 oo. “ 

Viscid liquid 

(8) See. 44 

44 4 2 cc. 

44 fK oo. “ 

Vei y viscid liquid 

(9) 5 cc. 44 

44 41 cc. 

44 49 oo. “ 

Almost at iff 

(10) See. 44 

44 410 co. m/2 NatOOi 

Almost stiff 

(11) See. 44 

410 oo. HaO (control) 

Mobile liquid 
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TABLE LXII 

Potassium ()leate— Sodium Silicate 


(1) 

( 2 ) 

( 3 ) 

( 4 ) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

( 10 ) 

( 11 ) 


Coneentration of mixture. 


Remarks. 


m iK*tttHHiuiu ole 


f 0 ee. Hs<) { I cc. m/2 Na*Hi()s 
1 H ee. •* f 2 (t, “ 

f 7 ee, “ f 3 ce, • • 

\ 0 ee. 4 ' { 4 ec. “ 

f5ee. ** | 5 ee. '* 

f 1 re. “ f 0 re. 
flier. “ f 7 ec. “ 
l 2 ee. ' * f8 ec*. “ 

1 1 ee. * ’ f 9 ee. “ 

1 10 ec m 2 NaaHiOi 
I 10 ee.‘Ha(> (control) 


Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Viscid liquid 
Viscid liquid 
Viscid liquid 
Solid gel 
Solid gel 
Viscid liquid 
Mobile liquid 


TABLE LXIII 

Potassium Olkate —Sodium Borate 


< \>neeiit rut ion of mixture. 

Remarks. 

(1) 5 ee, m )K)tnMiium ulente + 9 ee. IM) } 1 ee. m/4 NailMh 

Clear mobile liquid 

(2) 5 ee. 

'• 1 8 ee. 44 f*2 ee. ** 


Cloudy mobile liquid 

(3) 5 ee. * 4 

** *’ f-7 ee. 44 + 3 ee. 44 


Milky mobile liquid 

(4) 5 ee. * * 

*’ *• 1 0 ee. 44 f 4 ee. “ 


Milky mobile liquid 

(5) 5 ee. “ 

“ 44 -f 5 ee, “ ) 5 ee. 44 


Milky mobile liquid 

«l) 5 ee. 4 ' 

* ‘ * * 14 ec. 44 10 ec. ' * 


Milky, less mobile liquid 

(7) 5 ec, * 4 

“ 44 1 3 ec. 44 1 7 ec. '* 


Milky viscid liquid 

(8) 5 ee.‘* 

44 “ 1 2 ee. 44 1-8 ec. “ 


Milky, almost stiff 

(9) 5 ee. 44 

44 44 Hit. 44 f9 ec. 44 


Milky, almost stiff 

(10) 5 ee, 44 

44 “ 1 10 ee. m/4 NatBdb 


Milky, almost stiff 

(11) 5 ee. *' 

“ 44 1-10 ee. H*() (control) 


Mobile liquid 


TABLE LXIV 

Potahhium ()leate Sulphate 




Concentration of mixture. 

Remarks. 

(1) 

5 ee. m 

potassium oleatc f 9 .3 ee. H*() +0. 5 no, m/2 MgttO^ 1 

Fairly mobile milky liquid 

(2) 

f> ee, 4 * 

44 44 + 9,0 ee. 

“ 4 1.0 ec. “ 

Viscid milky liquid 

(3) 

5 ee. * * 

“ 41 + 8.5 ec. 

44 +1.5 cc. 44 

Solid milky gel 

(4) 

5 ee. 4 4 

“ “ +8.0 ee. 

44 +2.0 cc. 44 

Solid milky gel 

(5) 

5 ec. 4 4 

4 4 4 4 + 7,5 ec. 

44 +2.5 cc. 44 

Solid white soap at top 

(6) 

5 ee. 4 4 

“ 44 +7.0 ee. 

44 +3.0 cc. 44 

Solid white soap at top 

(7) 

5 ec. “ 

4 4 4 4 +6.5 ec. 

44 +3.5oo. 44 

Solid white soap at top 

(8) 

5 ee. 44 

4 4 4 4 +6.0 ec. 

44 +4.0 oo. 44 

Solid white soap at top 

(9) 

5 ee. 4 4 

4 4 44 + 5.5 oc. 

44 +4 . 5 oc. “ 

Solid white soap at top 

(10) 

5 ee. ‘ 4 

4 4 4 4 + 5.0 ec. 

44 +5.0 cc. 44 

Solid white soap at top 

(11) 

3 oc. “ 

“ 44 +10.0 ec. 

H*G (control) 

Mobile liquid 
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PART THREE 


THE ANALOGIES IN THE ('OLLOID-CHEMISTRY OF 
SOAPS, PROTEIN DERIVATIVES AND TISSUES 


I 

THE CHEMICAL AND COLLOID-CHEMICAL BEHAVIOR OF 
FATTY ACIDS AND THEIR DERIVATIVES AND THE 
ANALOGOUS BEHAVIOR OF “ NEUTRAL ” PROTEINS 
AND THEIR DERIVATIVES 

1. Introduction 

The ox|>eriments on the colloid-chemistry of the various pure 
soaps detailed in the preceding pages were undertaken originally 
in order to obtain a clearer conception of the nature of water 
absorption by proteins when various alkalies, acids or salts, alone 
or in combination, are added to them; this conception being 
wanted, in its turn, in order to understand the laws of water 
absorption as observed in living matter. Jt will be the purpose 
of the next paragraphs to show that the laws emphasized as govern¬ 
ing the “ solution ” and “ h yd ration 11 of soaps are identical with 
those which govern the “ solution ” and u hydration ” of various 
protein derivatives and that these, in turn, are the analogs of the laws 
which govern the absorption of water by cells, tissues and the whole 
living organism umhr physiological and pathological circumstances. 

2. The Chemical Behavior of the Fatty Acids and the Analogous 
Behavior of the Amino-Acids (Neutral Proteins) 

It is well to emphasize, first, some obvious chemical analogies 
existent between the fatty acids and the materials which may be 
derived from them (the soaps) and the so-called “ neutral ” 

m 
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proteins and the materials which may be produced from them. 
It is of interest to bear in mind that the proteins are not only 
polymerized amino-acids, but that frequently their constituent 
amino-acids are amino-fatty-acids, as witness, amino-acetic, 
amino-valeric, amino-caproic and amino-succinic acids. The 
alleged “ neutral 77 “ native 77 or “ genuine 77 proteins are no more 
neutral than are any of the higher fatty adds. As the fatty adds may 
combine with base to form “ soaps” even so may the polymerized 
amino-fatty-adds combine with base to form analogous u soap¬ 
like 77 compounds. It is important for our future discussion that 
this comparison of the neutral proteins with the free fatty acids 
be clearly kept in mind. 1 

What, now, are the solubility characteristics of the pure fatty 
acids and the pure neutral proteins in water and for water? 
Just as certain fatty acids (like the lowermost members of the 
acetic series) are readily soluble in water, so also do certain native 
proteins prove “ soluble ” in water (as witness the various salt-, 
acid- and alkali-free, “ pure ” albumins). On the other hand, 
as other fatty acids (like the higher members of the acetic series) 
prove insoluble in water, so also do various native proteins (as 
witness casein, fibrin, alkali-, acid- and salt-free globulins, etc.). 

The solubility of water in the fatty acids or in the pure pro¬ 
teins is hardly to be found discussed as such. The simpler fatty 
acids “ dissolve ” so readily in water and are so universally 
thought of as “ aqueous solutions 77 that the mere raising of the 
obverse question in their case will seem, to many, absurd. Water 
is, however, sufficiently souble in the higher fatty acids to make 
necessary its consideration, when, commercially, a given weight 
or volume of material is to be bought and paid for as fatty acid. 
In the case of the pure proteins these things are variable. In 
those commonly designated as “ insoluble ” (casein, for example) 
the solubility for water is so low as to be generally neglected. 

1 Of great interest in connection with this similarity between the colloid- 
chemistry of the fatty acids and that of the amino-fatty-acids (the proteins) 
are some observations of Krafft and Winnow [quoted by Lewkowitsch: 
Oils, Fats and Waxes, 1, 133 (1913)] whose work unfortunately we have not 
been able to find in the original. These authors note that the amim of the 
fatty adds behave like the corresponding fatty acids. While the alkali salts of 
the lower amino-fatty-acids on solution in water behave like crystalloids, 
those of the higher amino-fatty-acids fail to raise the boiling point of water 
the calculated amount and in other physico-chemical respects betray them¬ 
selves as colloids. 





Final concentration ol the alkali in the system. 
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From this it may rise to great values, as witness the amount 
of fluid “ absorbed ” by neutral gelatin, by (by serum-albumin, 
etc., when these are thrown into water. 

These characteristics of solubility in water and for water of the 
different fatty acids and the different, 'pure , “ neutral ” proteins 
must be kept in mind if their colloid-chemistry or that of their deriva¬ 
tives is to be properly understood. 

If we now write the formula, of any fatly acid as: 

jc coon 

then that of any amino-fatty-aeid (or its polymer, protein) may 
be written: 

)OH 


NIt> 

To produce a “soap,” some base is substituted for the II in the 
first formula written above; to produce the analogous 4 * soap¬ 
like ’ 7 compound from the latter, the same base is substituted for 
the similarly placed II of the second formula. As we produce 
potassium, sodium, calcium and iron soaps wo can also produce 
potassium, sodium, calcium and iron proteinates. 

Every new soap and every new soap-like compound thus pro¬ 
duced has solubility characteristics in water and for water different 
from those of the original fatty acid or the original amino-fatty-aeid 
(protein) from which it was produced. 

The amino-acids have, however, wider possibilities for easy 
union with other materials than have the fatty acids. While 
the latter, for example, do not, unite readily with acids, the* former, 
through their NII 2 groups, do. In this way there may therefore 
be produced a second series of derivatives which may be desig¬ 
nated as the ehlorids, bromids, acetates, sulphates, phosphates, 
etc., of the proteins, each iigain possessed of its own solubility 
in water and solvent power for water. 

We are now in a position to consider the colloid-chemistry 
of the pure proteins and that of their bjisie and acidic derivatives, 
not only to see how these mimic the colloid-chemical behavior 
of the pure fatty acids and their basics derivatives (the soaps) 
but in order to obtain what seems to us a simpler general con¬ 
ception of what happens when protein/water mixture's show the 
evidences, under different circumstances, of swelling, gelation, 
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precipitation, irreversible “ coagulation,” etc. A detailed con¬ 
sideration of many proteins is impossible within the pages of this 
volume, but the. two to be discussed may serve to illustrate the 
main tyj>es. For purpose's of illustration we shall take up, in 
analogy to the similar type's of pure fatty acids, (a) a protein 
which is “ insoluble ” in water, namely, egg-globulin and (b) 
another which is “soluble,” namely, gelatin. What is said of 
egg-globulin may be taken to apply to all the globulins, casein, 
myosin and nucleic acid. What is said of gelatin may be applied 
to the various albumins. 1 

3. The System Egg-Globulin/Water 

The “ neutral ” globulin used in the experiments about to 
be describ'd was obtained by diluting strongly with distilled wafer 
(8 volumes) the whites of absolutely fresh eggs. The globulin 
which fell out. at. the end of twenty-four hours in an ice box was 
simply filtered off, washed several limes with distilled water and 
used at once* in its moist condition. While by more elaborate 
methods a “ chemically ” purer product might have been obtained, 
we feared the consequences of the more drastic chemical met hods 
necessary to produce* such upon the colloid properties of the 
final product. The globulin employed in the following experi¬ 
ments was all from the same lot, contained 92 percent water 
as used and 0.045 percent ash calculated upon the wet weight 
of the globulin. 

Moist globulin (in analogy to the higher fatty acids) is obvi¬ 
ously “ insoluble ” in water and as compared with gelatin, albumin, 
etc., a relatively poor solvent for water (92 percent). We wished, 
first, to show that a soap-like compound (a basic globulinate) 
could bo obtained from such globulin through treatment with 
a proper alkali, which, in the presence of the right, amount of water 
would (like the corresponding soap) yield a solid jelly, in other 

1 The purest gelatins on which the ordinary colloid-chemical studies have 
been made, to which we refer here and upon which some succeeding experi¬ 
ments are based (see page 218) still contain traces of salts. Wolfgang 
Obtwald has directed my attention to the fact that, when such gelatins are 
subjected to dialysis while an electric current is passed through them a gelatin 
free from all base and acid may be obtained. Such gelatin is, however, as 
“insoluble” in water and as little hydratable as the ordinary globulins. 
Obviously, under such circumstances, the behavior of all the proteins (includ¬ 
ing in other words gelatin and the “albumins”) becomes that of the type 
described under the globulins. 
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words, a system representing a “ solution ” of water in the basic 
globulinate. For this purpose 2 grams of the moist, globulin 
were carefully weighed into each of a number of test tubes and to 
each was then added 0.5 cc. of an alkali of pro|>er strength to 
yield the final concentration in the whole of each of the systems 
indicated in Table LXV. The descriptions refer to the appear¬ 
ances of the mixtures at the end of twenty-four hours, twenty 
of which were spent in an ice box and four at room temjxuature. 
The photographic appearance of the three sets of tul>es (all 
made at the same time, from the same globulin and under iden¬ 
tical circumstances) is shown in the Figs. 98, 99 and 100. It is 
apparent that these potassium, sodium and barium globulinates 
(like the corresponding soaps) have greater solvent, powers for 
water (and hence gel in the presence of a larger volume of the same) 
than has the original “neutral” globulin (or the original fatty 
acid). But of the three soap-like compounds the potassium 
globulinate is most soluble in water, wherefore, it is the first to 
go through a jellying stage “into solution/" Kodium globulin- 
ate occupies a middle position in this regard. Barium globulinate, 
while possessed of relatively low powers of hydration is so insolu¬ 
ble in water that it maintains its gel state throughout the series 
of experiments. 

Having seen that with progressive additions of alkali, neutral 
globulin in the presence of a fixed volume of water passes suc¬ 
cessively from (1) a (relatively) non-hydrated material through 
(2) a state in which water is dissolved in it, into (3) a state in 
which it is dissolved in the water, we wished to see what were the 
effects of mere dilution upon the final system and if the basic 
globulinate thus formed could be precipitated a second time 
(salted-out) by further addition of the alkali (as can a soap). Fig. 
101 and Table LXVI answer these questions. The first five tubes 
merely show again how with progressive increase in amount of 
alkali (sodium hydroxid), “ solution ” of a “ globulin ” (really 
solution of sodium globulinate) may be obtained. To such a tube 
as 4 much water 1 may now be added without change, as evidenced 

1 Not, however, an unlimited amount, for in too much water hydrolysis 
of the sodium globulinate takes place and the free acid (globulin) again begins 
to fall out. This constitutes the principle upon which “globulins” are 
obtained through dilution with much water. It is not the mtium ghkuluuUe 
which falls out, or, in the terms of soap chemistry, it. is not “the soap” which 
is “insoluble” in water but the “fatty acid” resulting from hydrolysis. 
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TABU*; LXVI 

Eat j-0 doublin' and Sodium Hydkoxid 


Tubo 

number. 


Concentration of mixture. 


j 

HcmurkN, 

Control 

1 

2 kiiih. 
2 gum. 

rnomt globulin H),f> ee. 
“ “ HO.fiee. 

Hat > 

1. 10 n 

Na< HI 

White lioeeuleut precipitate 

Solid gel 

2 

2 gum. 

“ “ fO./iec. 

2 10 n 


t "lear vim-id lit j ui<I 

3 

2 gum. 

“ “ | 0. f> cc. 

a 10 n 


< "lear vmeal lujuid 

4 

2 gum. 

“ “ |0., r »ee. 

12 n 


Clear lujuid 

5 

2 gum. 

“ '* 1 , r > 0 ce. 

K n 


( "lear lujuid 

0 

2 gnm. 

“ ** } .">.<) ee 

0 n 


Clem lujuid 

7 

2 gum. 

“ " f f) 0 re. 

10 a 


Cl«»tal> lujuid 

8 

2 gum. 

“ “ l“f>. 0 ee. 

11 a 


Bintini nutting out 

9 

2 gum. 

“ “ f-f». Ore 

12 a 


( "oiaplete wilt ing»out 


TABLM LX VII 

E(K!-( Ilobulin and At’I DM 




i 

1 Final concentiiitioa of the and in the msmIciu 

Control (Hat)). 

Acid. 

1 f»00 n 

2 KM) n 

J h KM) a 

1 m urn ii 

1 

| I a 100 n 

White flocruleiit pre¬ 
cipitate 

lly<lro- 

chloric 

W hite 
Hoceulenl 
precipi¬ 
tate 

White 

lioeeuleut 

preeipi- 

tate 

While | 

(loeeuleat 
preeipi- i 

tate i 

White 

lioeeuleut 

jaenja 

tate 

White 

lioeeuleut 

precipi- 

tate 

White flocculent pre-j 
cipitato 

Lactic 

White 

(loceulent 

precipi¬ 

tate 

White 

lioeeuleut 

precipi¬ 

tate 

White j 

flonmlent 
preeipi- | 

1 fate ' 

i i 

Slightly 
hydrated 
preeipi • 
tate 

Slightly 

hydrated 

preripi- 

fnte 


""".. . . . 









Final ronerntrut ion of f he and in fhe matein. 

Control (HstO). 

Acid. 

20/ KM) n 

40' KM) n 

00 KM) a 

HO KM) u 

KM) KM) n 

White flocculent pre- 
cipitate 

Hydro¬ 

chloric 

Hydrated 

precipi¬ 

tate 

Hydrated 

precipi¬ 

tate 

Hydrated 

precipi¬ 

tate 

Hydrated 

precipi¬ 

tate 

Hydrated 

precipi¬ 

tate 

White flocculent pre¬ 
cipitate 

Lactic 

Hydrated 

precipi¬ 

tate 

Hydrated 

precipi¬ 

tate 

(lei 

< »el 

1 

del 

1 
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in tube 5 of Fig. 101. But if in such a volume of water the con¬ 
centration of alkali is progressively increased the sodium globu- 
linate (commonly and wrongly designated “ globulin ”) begins to 



Fichier 101. 


fall out until complete separation from the dispersion medium is 
obtained (see the*, tulles 7, 8 and 9). 

Figs. 102 and 103, with Table LXVII, show that when the 
“ neutral ” globulin in converted into a ehlorid or lactate (for 
which chemical change* then* is no analog in the case of the pure 



Fkutek 103. 


fatty acids) these compounds are again better solvents for water 
than the original globulin, in consequence of which the tube con¬ 
tents again gel. The successive acid tubes of Figs. 102 and 103 
may lx* compared with the alkali tubes of the same concentrations 
of Figs. 98, 99 and 100 . Experimental procedure was the same in 





214 


SOAPS AND PROTEINS 


both. It should only be noted that the concent rat ions marked 
on the labels of Figs. 102 and 103 are those of the acid as added. 
The final concentrations are given in Table LX VII. 

Such experimental findings as have just been described are 
more commonly listed, as by the physiological chemists, as experi¬ 
ments on the “ solubility ” of proteins; or by the. physical and 
colloid-chemists as studies on the effects of alkalies and acids upon 
such “ solubility ” or some other of the general chemical or colloid- 
chemical properties of the systems as a whole (as their viscosity, 
their electrical conductivity, their content, of hydrogen and 
hydroxyl “ ions/’ etc.). To understand these systems properly 
it is obviously necessary to recognize and carry in mind the effects 
of (a) the quantitative relationships of the water content of the 
systems to the remaining mat (‘rial in them, (b) the chemical con¬ 
versions of “ neutral ” compounds into basic or acidic derivatives, 
(c) the alterations in solubility and hydration capacity accompany¬ 
ing such conversion, (d) the types of systems produced (whether 
all hydrated colloid, all solution in water or subdivisions of the 
one in the other) and finally (e) the changes in viscosity incident 
to “ emulsification ” or “ suspension ” of any of the original 
unchanged “ globulin ” in such hydrated derivatives as may be 
produced. How inadequate for the understanding of the colloid- 
chemical behavior of such systems are the overplayed “ stoichio- 
metrical,” “chemical,” “ electrical,” “ hydrogen and hydroxyl 
ion ” notions, usually called upon to explain in some exclusive 
fashion all the changes observed, must l>e self-evident. 

Stoichiometrical views cover only those pails of the whole 
problem which have to do with the quantities produced of dif¬ 
ferently hydratablc or soluble compounds; “ chemical ” notions 
are no more adequate for the explanation of the problem than 
they are, at present, for the understanding of the whole problem 
of solution; electrical and ionic notions are hardly of service when 
it is remembered that the most stabile of these hydrated colloid 
systems are such as are composed of ehmiically produced, really 
neutral compounds of protein with base or acid, provided only that 
not more water is present in the system than can l>e absorbed by 
the hydration capacities of the protein derivatives. Yet these 
colloid systems contain no quantities of either hydrogen or hydroxyl 
ions measurable by ordinary laboratory means. The measurable 
hydrogen and hydroxyl ion contents of different protein/water systems 
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upon which such emphasis has been laid for the explanation of their 
stability ace only observable in relatively dilute systems; the ion 
contents are not inherent to } or necessary for, the stabilization; they 
are accidental accompaniments incident to the solution of some of the 
basic and acidic proteins in the excess of water and their hydrolysis 
with the production secondarily of an overplus of hydrogen or hydroxyl 
ions . 

Evidence for the general truth of these contentions may be 
found in the following experiments in which “ neutral ” globulin 
in the presence of a constant volume of water is exposed to the 
action of various neutral salts. As ordinarily put, such “ neu¬ 
tral ” globulins are said to be a soluble ” in dilute salt solutions. 
To our minds, this is not true. The salts again react with the 
neutral globulin to yield globulin derivatives of the general 
formula hase-prokrinnicid which, like the previously described 
base-protein and protein-acid compounds, also have a higher 
hydration capacity and a greater solubility in water than the 
original globulin. 

Figs. 104, 105, 100, 107 and 108 reproduce photographically the 
findings described in Table LXVIII. Obviously a hydration of 
“neutral” globulin may be induced through the presence of various 
neutral salts as readily as through the presence of alkalies or acids, 
in other words, in the absence of any such hydroxyl or hydrogen 
ion concentrations as are commonly alleged to be responsible for 
such a result. It is not the neutral globulin which is hydrated, 
but its salts. In the experiments just described, these are pro¬ 
duced because globulin (like the lower fatty acids of the acetic 
series) has sufficient chemical reactivity to unite with the products 
of the hydrolysis of any neutral salt (acid and alkali). 

Table LXVIII and the figures again show (in analogy to the 
similar soaps) that, the potassium and sodium derivatives of glob¬ 
ulin are sooner and more highly hydrated than the eorresfxmding 
magnesium and caleium derivatives (the contents of the tubes 
holding the latter lasing not only less swollen but whiter). The 
mercury derivative is so little hydrated that it remains a prac¬ 
tically anhydrous, leather-like mass in all the tubes. 

In order not to lengthen these pages unduly with protocols, it 
may suffice merely to state that findings entirely similar to those 
just described are obtainable with the neutral salts of the soluble 
sulphates. 
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4. The System Gelatin Water 

We. shall now consider a 11 neuf.ral " protein which, when v 
pared with the fatty acids, is not “ insoluble 14 in water (as §t 
ulin) but u soluble/ 1 namely gelatin, Tht military altegetl e 
and bane-free gelatin 1 vdll, by itself, with water, show alt the , 
types of hydrophilic colloid systems described fttr the tamps/ 

Dry gelatin absorbs water (to yield the system water-dissoh 
in-gelatin) and has a limited solubility in water Ho yield thews 
gelatin-(liaHolvc‘d-in»water). Between these extremes and dejx 
ing merely upon the relative amounts of gelatin and wider pm 
there lie the systems gelatin-solution disj>erHed in hydrated~gel 
(gel) or, with more water, hydmted-gelatin disj^mal in gek 
solution (sol). 

What is the action of alkalies (or acids] n\mn these systems 

Under variously worded headings t his problem has reee 
much study. The effects of alkalies land acids) u]x»n the hr 
most of the four systems may he found descril»ed under the i 
tion “ swelling ” of gelatin in the presence of acids and alkal 
their effects upon the system gelfilin-solution-in«hy«lmted-gel 
under the heading liquefaction and 14 solution M of gelatin; 1 t 
effects upon the system hydra!ed«gelntin-in-gelntin-solution ttt 
studies in viscosity; 5 their effects upon the system true solu 
of g(datm~in~water as studies on the 11 solubility ” of gelin 
What is the relat kinship Ixdween all those? 

It is well to begin by inquiring into the relationship lietv 
the swelling of a “ soluble n 41 neutral M protein and its 44 tfoluti< 

1 Bee the footnote on page 209. 

2 Bee page 69, 

8 Bee for example K. Bran: HofmeisterN Betfriige, I, 276 (1904); W 
gang Ostwald: PfltigerV Arch,, 108, BU fHHtfn; Martin II Fine 
(Edema and Nephritis, 3rd Kd., 75, New York ilU20) where refcmio 
the earlier studies may be found. 

4 Martin H. Fischer: Science, 42, 223 (19151; K«>l!«»id-fr*>t*rlir , 
(1915). 

6 Bee for example the work of IIofmeihtek, Pai u, H\hoy, 
Bchrokder, Handovsky, Schorr, etc., on the vitnmity of liquid pro 
(“sola”). 

6 Martin H. Fischer: (Kdema and Nephritis, 3rd 141, 513, New ’ 

(1920). As of similar imjx>ri but U|>on ether proteins may U* cited i 
studies on wheat gluten. T. B. Woon and W. It, Harry CProe. Huy, 
London, Series B, 81, 38 (1908)) studied the “disintegration * f and 
bon” of gluten under the influence of aeids while F W. Urson and J 
Calvin (Jour. Am. Chem. Hoc., 37, 1295 (10151) Mtudicd its swelling « 
similar circumstances. 
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The notion that solution is but a contin¬ 
uation of swelling persists to this day. 1 
Investigation 2 of the problem, however, 
has shown that this is not the case. The 
matter is easily proved by working with 
gelatin at concentrations and tempera¬ 
tures near its gelation or melting point. 
Since alkalies and acids increase hydra¬ 
tion (increase swelling) the addition of 
these substances to a barely liquid 
gelatin-water mixture ought to stiffen it. 
As a matter of fact just the reverse occurs. 
By working with a stiff gelatin, a pre¬ 
viously solid mixture is made to liquefy 
upon the addition of these substances. 

The 'phenomena of swelling (hydration ) 
and of “ solution ” 3 in such soluble protein 
gels as gelatin , while frequently associated, 
are therefore essentially different Swelling 
is best understood as a change whereby the 
protein enters into physico-chemical com¬ 
bination with more of the solvent (water), as 
a change in the direction of greater solubility 
of the solvent in the protein; 11 solution 33 
is best conceived of as a change in the direc¬ 
tion of greater solubility (an increased degree 
of dispersion) of the colloid in the solvent . 
If reference is made to Figs. 48 and 49 
(page 70) it will be noted that changes 
involving swelling occur in the region 
below the level marked V; changes in 
the direction of liquefaction or “ solu¬ 
tion ” above the level marked F. A 



1 See for example Wolfgang Pauli: Kolloidchemie der Eiweisskorper, 
63, Dresden (1920). 

2 Martin H. Fischer: Science, 42, 223 (1915); Kolloid-Zeitschr., 17, 1 
(1915). 

3 Since there are many opinions regarding the nature of “solution,” accu¬ 
rate definition of the term is not easy. We are here using the term in its 
broadest sense as covering everything, in the case of the colloids, from their 
liquefaction point upwards to the accepted “true” solution of the physical 
chemists. 
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single experiment, chosen from many, may serve to illustrate 
the point. 

In Table LXIX and Fig. 109 is shown how the addition of a 
fixed alkali to an otherwise solid gelatin gel liquefies this. 


TABLK I.XIX 

Neutral Gelatin Gel and Alkali 


Tube 

number. 


Concentration 

of mixture. 


1 

2 

2 ce. 10 percent gelatin -f-8 co. HaO 

2 cc. 10 “ " ~H).l ee. n 10 NaOH 

{ 7 9 cc 

HaO 

3 

2 cc. 10 4 4 

“ {-0.2 cc. 

'' 

{ 7 H cc. 


4 

2 co. 10 “ 

“ -{-0.3 cc. “ 


{ 7 7 cc 


5 

2 cc. 10 44 

“ {-0.4 cc. 44 


{ 7 (i cc 


6 

2 cc. 10 

" {-0.fi ce. 44 


{ 7 A cc 


7 

2 cc. 10 

* * {-1.0 cc. * ‘ 


f 7 0 cc 


8 

2 cc. 10 “ 

44 fl.fi cc. ' * 


f fi fi cc 


9 

2 cc. 10 

" {2.0 cc. '' 


{HO cc 


10 

2 cc. 10 

" f2.fi cc. ' * 


{ fi fi cc 


n 

2 cc. 10 4 * 

“ { 3.0 cc. 44 


{ fi 0 cc 



The mixtures were liquefied in a warm-water bath After standing for twenty-four 
hours at 25° C. the gelatin in tube 1 was solid; that in tubes 2 , 3, 4 and A was also solid; 
in tube 6 the surface quivered on shaking. The gelatin in tube 7 flowed m a viscid liquid. 
In the remaining tubes the gelatin wan entirely liquid. 


TABLE LXX 

Neutral Gelatin Gel and Acid 


Tube 

number. 

Concentration of mixture. 

1 

2 cc. 10 percent gelatin f 8 cc. IHO 


2 

2 cc. 10 44 

44 +0.1 cc. 11 /10 HOI { 7 9 cc. IHO 

3 

2 cc. 10 44 

44 f 0.2 ce, 44 

44 {-7 8 ee, 44 

4 

2 cc. 10 

44 +0.3 ee. 44 

44 {77 ee. 44 

5 

2 ce, 10 44 

“ +0.4 ee. “ 

44 { 7 fi ee. 44 

6 

2 cc. 10 4 4 

44 +0.A ec. 44 

44 { 7 fi ec. “ 

7 

2 cc. 10 4 4 

44 +1.0 ee. 44 

44 {70 ce. 4 4 

8 

2 cc. 10 4 4 

44 +1.5 ec. ‘ 4 

“ {0 fi ce. 4 4 

9 

2 cc. 10 44 

44 +2.0 ce. 44 

44 { fi 0 ee. 4 4 

10 

2 cc. 10 4 4 

44 +2.5 ec. 44 

44 -ffi.fi ee. 44 

11 

2 cc. 10 44 

44 +3.0 ce. 44 

44 ffi.0 ee. 44 


After these mixtures had stood for twenty-four hours the control gelatin in tube I 
was perfectly solid. The mixtures in tubes 2, 3, 4, fi and 0 were so solid that they could 
be turned over, though on hard shaking they quivered; in tube 7 the gelatin flowed as 
a viscid liquid; in tubes 8, 9, 10 and 11 the mixtures were entirely fluid. 

Table LXX brings out the same general truths for the addition 
of acid to an otherwise solid, “ neutral ” gelatin gel. 

In interpreting the findings here described we would say that 
under the influence of the added alkali or acid the “ neutral ” 
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gelatin is converted into a basic gelaiinate or a gelatin chlorid. 
These compounds, at the same concentration, are more soluble 
in water than the neutral gelatin and hence the liquefaction of 
these systems. 

TABLE LXXI 

Soim'M (Jklatinatk and Salt 


1 ww * ('<mrrntr»ts«m **f mixture 

numlx'r 


1 

1 2 re 

10 jw*trent gelatin 

i H ee HfU 








2 

1 2 ce 

10 

i I A ee n 

10 Nat *11 

f <1 

A ee 

mo 



3 

j 2 ce 

10 

i l A ee 

' • * 

I 0 

1 ee 

lit 

Na<*l | 0 

4 re, 

HtO 

4 

2 re 

10 

II A ee 


f 0 

2 ee. 


'* f 0 

3 re. 


a 

. 2 re 

10 

I t A ee 


10 

3 ee 


** 1 0 

2 ee. 


6 

j 2 re 

10 

I 1 A re 


1 0 

4 ee 


“ 1 0 

1 ee. 


7 

j 2 re 

10 

t 1 A ee 


1 0 

A ee 


*’ 1 0 

0 ee. 


K 

| 2 rr 

10 

1 1 A re 


11 

0 ee 


J r> 

A ee. 


ft 

‘ 2 re 

to 

} I A re 


f 2 

0 re 


" ! 4 

A rr. 


10 

j 2 re 

10 

} 1 A re 


1 3 

0 ee. 


* * 13 

A re. 


11 

S 2 re 

10 

1 1 A ee 


f 4 

0 ee 


*' 12 

A re 


12 

2 ee 

10 

| I A ee 


f A 

0 ee 

. . 

** f 1 

A re 



At the end of t wrntvdmir hours the puie gelatin wa« solid; the gelatin plus the alkali 
wan liquid The tulw* containing sodium rhiortd m addition were all solid, tint optimum 
stiffening pffwt of thr salt In'ittg evident in tulie 7, 

TABLE LX XU 

(lELATIN ANI> SALT 


U / i < ‘uiiecntrat io« of mixture 

mimwr j 


1 { 2 ce If* jiereent gelatin f H rr 11st * 


2 

| 2 ee. 

to 


' ’ I I A re. n 

in net i ti 

A re. 

HtO 



3 

1 2 ee 

to 


*' 1 t A re 

.. j 0 

I ee. 

m NaC’l 4 0.4 ee. 

lh< 

4 

j 2 re 

10 


f 1 A ee 

* '• to 

2 ee 


I fl 3 ee, 


f» 

j 2 re 

10 


t I A ee 

* ** so 

3 re. 


1 fl 2 re. 


6 

1 - «*«’ 

10 


*’ 11 Are 

* *’ to 

4 ee. 


t 0 1 re, 


7 

j 2 re 

10 


* * | I A re 

* " I 0 

A ee. 


1 0 0 ee. 


8 

! 2 ee 

10 


I I A ee 

• “ 11 

0 re. 


I A A ee 


0 

j 2 re 

10 


f I A ee 

• •• |2 

0 ee, 


f 4 A ee. 


to 

i 2 ee 

to 


II A re 

* *' |3 

0 ee. 


f 3 A ee. 


11 

‘ 2 re 

10 


'' | I A ee. 

‘ ** H 

0 ee, 


1*2 A ee. 


12 

| 2 ee 

10 


1 I A ee. 

* ’* | A 

0 ee. 


|1 A ee. 



1 


Twenty-four hour* aft or the mixtures had boon prepared the pure gelatin in tube 1 
was solid; the acidified gelatin in tula* 2 waa liquid. A distinct influence of the sodium 
rhlorid wan evident even m tulw* 3 where th«* mixture barely flowed. The* viscosity increased 
progressively from tube 4 to tula* 7 in which'the optimum effect of the sodium ehlorid was 
observed. Here the gelatin was solid, but not quite no solid as the pure gelatin. The 
gelatin mixtures in iulm» 8, it, If), 11 and 12 were solid, but, on being tapped, quivered 
more easily than did the gelatin in tube 7, 
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To illustrate, now, upon such basic (or acidic) gelatin the 
effects of a neutral salt (in mimicry of the salting-out effects 
observed upon soaps), Tables LXXI and LXXII are introduced. 
They show that the addition of a neutral salt in increasing con¬ 
centration to a previously liquid gelatin at first increases its viscosity 
to an optimum point (gelation) and then decreases it. The same 
explanation holds for this finding as in the cam of the soaps. The 
salt becomes hydrated and, as salt-water, Incomes emulsified in 
the hydrated basic (or acidic) gelatin. Wit h salt added lwyond the 
optimum point the salt-water becomes the* external phase and the 
viscosity of the system falls. With enough salt, added the whole 
of the gelatin (as sodium gelatinafe or gelatin ehlorid and not m 
“ neutral ” gelatin) separates off in practically anhydrous form. 


5. Supplementary and Critical Remarks 

§ 1 

It is necessary to keep clearly in mind that the possibilities for 
chemical and colloid-chemical change as thus far outlined for the 
fatty acids and the proteins constitute only a small fraction of 
those which may be induced. 

While we have said that only alkalies will unite with the fatty 
acids and only alkalies and acids (or their salts) with the poly¬ 
merized amino-acids called proteins, the former may he sulphon- 
ated, may be saturated with hydrogen, may la* oxidized or iodized 
while the latter may also be, oxidized, hydroxylated or have acids 
bound to them elsewhere in the molecule than at an NHa grouping. 
As each of these chemical changes is induced the fatty add derivative 
or the protein derivative assumes new properties of solubility for 
water and in water and as this happens the collouMiemical prop¬ 
erties (like the viscosity) of the system in which such a chemical 
change has been induced , must also change. 1 

To keep things simple we have also touched upon only the 
grosser of the phase differences present as neutral proteins mute 
with alkalies or acids. How much more complicated in fact arc 
the systems which have been described is apparent when reference 
is made to Figs. 48 and 49 and the system, stearic aeid/alkali/ 

1 The derivatives listed have already been partly studied in our laboratory 
and will be reported upon later. 



SOAPS, PROTEIN DERIVATIVES AND TISSUES 


223 


is considered and compared with the analogous system 
i/alkali/water. 1 

lentralimtion is not complete*, the* result is an emulsion of 
combined fatty or prote*inie acid in such hydrates! “ soap ” 
roduee*d. If neutralization is complete and the*. water eon- 
i sufficiently low, only pun* hy<lrate*d alkali stearate or 
e*d alkali prote*inafe* is obtained. This obviously eorre- 
t.o the lowermost le*ve*ls of the* two diagrams. l)e*jKUid- 
im the tcutqierature eithe*r solid (Fig. 49) or liquid (Fig. 48) 
s may Ik* obtained. With suflicie»nt wafer, only a true 
ion ” of the* alkali sfe*arate* or alkali profeanafe in water is 
*d. We* are them in the* topmost le*ve*ls of the two diagrams, 
ti solution, howe*ve*r, the*re follows hydrolysis of thc*sc* com- 
i, so that in addition to mole*eules in solution there may 
, lieside the* soap, free fat.ty or pmteinic ae*id and free 
and along with I hew the* ions of these substances. The 
!e of such ions in the* case* of protein ’waiter systems has 
►nly be*e»n ealle»d upon to account for their colloid-chemical 
tie*s. 'filings an* almost <*xactly the* re*ve*rse*. The most 
*ly colloiel soap or pn>te*in/water Kystems, in othe*r words 
're cone*e*ntrate*d one*s, are* at the other end of the diagrams 
ow no ions at all. Whe*ne»ver such appear, they are the 
ltal products of dilutiem and hydrolysis. They liegin to 
therefore* as soon as soap or protean in true solution in 
tpjwars within the hyelrate*el soap or protean, in other wemls 
be various mixeal systeans which lie* in or above* the level Y. 
ns am, however, not in the hydrated eolloid, but in those 
m of these* mixed systems which contain dissolved, dissoci- 
nd hydrolyzed soap or protein, 

illustrate the infinite variety of systems that, may result 
lixture of a base* with a fatty acid or protean we need but 
i following: fatty or prof tunic acid emulsified in hydrated 
r basm proteinate, and vice* versa; soap or protean “ solu- 
in soliel hydrateel soap or basic, proteinate, and vice versa; 
r protean “ solution n in liquid hydrated soap or basic pro- 
s and vice versa; soap or protein “ solution/’ jam* and free 
ons or such as contains fme fatty or proteinic acid, free 
and the whole* gamut of ions; —all determined obviously 

13 and 76 and Figs. 98 to 103 with the accompanying texts 
studied in this connection. 
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by the concentrations of the various materials existing in any sys¬ 
tem, by the content of water in the system and the temjx»rature. 

Every one of these systems may be produced at will from 
fatty acids and alkali or from “ neutral ” proteins with alkali 
or acid. 


§2 

It will be noticed that the above remarks attempting to 
explain the colloid-chemistry of protein water systems have 
called for no concepts outside those of mutual solubility and 
mutual emulsification or suspension, just as in the, ease of soap/ 
water systems. What, then becomes of the chemical, electrical, 
surface tension, adsorption, etc., theories of stability in colloid 
systems proposed by various authors? The answer is, we think, 
simple. Their views are not always wrong, but they suffer 
universally from one-sidedness. They err either localise they 
are inadequate to explain more than a jmrt of the Ix-havior of 
all colloid systems or because the explanation holds for only 
limited examples. If reference is again made to Figs, 48 and 49 
it will be seen that those authors, for example, who try to see 
in all colloid systems nothing but social instances of modified 
“ true solutions ” are clearly frying to find the explanation of 
all colloid phenomena in regions lying above the, level K, and 
that often they are attempting to do this by the changes incident 
to mere passage from some one horizontal level to the next. Such 
a view is obviously too limited, for it ignores the bthavior of all 
such systems as lie below the level V, Those* authors, on the 
other hand, who hold that change in some one* factor is resfxmsible 
for the changes in stability of all colloid systems suffer from a 
similar limitation in point of view. It is difficult, for example, 
to conjure up electrical notions to explain the stability of colloid 
systems which consist merely of organic? solvents and materials 
like fat or rubber. Stoichiometrical relationships lose their force 
when stabile colloid systems can be built of most variable pro¬ 
portions of fat and a hydratable carbohydrate (for example 
cottonseed oil in hydrated acacia, glycogen or dextrin). Sur¬ 
face tension views are inadequate when, with progressive change 
in surface tension relationship between any two substances, stabil¬ 
ization is obtainable only through a portion of the range, or, con- 
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versely, throughout the whole range no mutter what the surface 
values. 

And yet the.Ne remarks must, not he misunderstood. They 
do not» in the first place, diminish the value of the actual observa¬ 
tion* made by these different authors upon various colloid systems; 
nor do thev deny that the factors they cite are not of some impor¬ 
tance in some Nvstems. The whole problem, obviously, moves 
hack to an inquiry into still more fundamental ones: what is 
the nature of solution; what are the forces active in producing 
and maintaining emulsions; and what is the nature of solidifi¬ 
cation without or with a ,l solvent M ? 

We do not ourselves presume to answer these questions. In 
the matter of tlit* nature of solution, however, we would like to 
emphasize our growing opinion that it is much more often union 
in quantitative relations letwecn dissolved substance and the 
dissolving medium with tin* production of now compounds than 
is at present accepted by the M dilute solution ” chemists; and 
that, i*s|H*eially in " concentrated 11 systems, t his factor becomes so 
great that, the added element of mere subdivision of one material 
in a second, so heavily stressed in the “ dilute ” solutions, largely 
diKHpiiears. 

The forces active in stabilizing a colloid system may be any 
or all of those which make possible or give character to a “ solu¬ 
tion/* or which jiermit of the stabilization of one material in a 
second to yield either (deluding upon the physical state of the 
phases) an emulsion or a susjHUision. As all the facts of mutual 
solution cannot f»e understood upon any purely electrical basis, 
and its all the phenomena of cohesion, adhesion, suspension, 
stabilization, etc,, cannot at present lie understood through any 
single notion of viscosity, surface tension or oilier force, neither 
can purely chemical, purely electrical or purely surface tension 
concepts alone “ explain " the iiehavior of these systems. 

6. On Peptization and Coagulation 

§ 1 

With the ideas of the preceding pages in mind we wish now 
to consider certain group reactions characteristic of different 
proteins, to him* if Home simpler concepts than we now possess 
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regarding the fundamental nature of these group reactions, can 
not be discovered. Reference is made to their “inertization” 
and to their “ coagulation ” under various circumstances and 
to the colloid-chemical equivalents in t-yjav of change encountered 
in the physiology and pathology of protoplasm under the terms 
liquefaction, coagulation and necrosis. 

The term “peptization” may Ik* taken for our purposes as 
the antonym of “ coagulation.” The latter term has I>een applied 
to what represents at. least several different tyjav of change in 
protein/water systems. What, these have* in common, however, 
is a change in state from one in which the protein lor soap) is in 
solution or suspension, to one in which it is aggregated, Heparated- 
out or precipitated. In the terms of Wolfoano ()htwam> the 
changes characteristic of coagulation are essentially those of 
decrease in degree of disjM'rsion, in other words changes in the 
direction of coarser division of the materials. Associated with 
such a change may be one in water-holding power, in optical 
properties, in viscosity, etc. There are those who would restrict 
the term “ coagulation ” to such changes as prove irreversible. 
An albumin would therefore la* said to lx* eongulnble through 
heat or a mercury salt (since lowering of temjwrnlure or dilution 
of the mercury salt does not bring hack the albumin to its former 
“ dissolved ” state); it would not be eoagulable, however, through 
saturated magnesium sulphate solution {for this on dilution allows 
the “ albumin ” to resume its former state). In tin* latter instance 
the change is often designated as a precipitation or “ salting-out ” 
of the “ albumin.” It does not matter, for our purposes, how 
the terms are used, for colloid-chemistry nmls to consider them 
all. The distinctions are, moreover, arbitrary for, as long known, 
even heat coagulations are not completely irreversible if the high 
temperature is not maintained too long; and we shall sen* later 
that, just as in the ease of the soaps, the heavy metal coagula¬ 
tions of the proteins can also be “rediwolved.” What light do 
the observations on soaps and the Moaj>-like protein compounds 
already described cast upon the nature of these eoagulative 
changes? 

In order to illustrate how we think the views developed in 
the preceding pages should bo applied fora letter understanding 
of the processes of “ peptization ” and “ coagulation M in protein 
systems, we shall cite examples illustrating protein change (1) 
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of the peptization and compilation fyjtr, Fit of flu* lira! roikjcuhition 

ty|M 4 and (*l) of flit* phy^tolofianil coagulation tyj*<. 


§2 

Peptizotim j may Ih* diiciiHacd by reference f«» f tit* welhknown 
chungra Hiiffered t»y n protein " mt%< ” in water, Mir li m 
caacin, when thi* in Mthjeeted in tin* action of nil) of ifir light 
mot ill alkulien. < ‘lemn, like any of the pit re highof fait* acid* 
(for example pnlintf tr t, ivlirn mixed with witter fail* 11 to d involve M 
KxprcHNed In tin* term* develogied in eonneeimu mill the tt»eor> 
of the lyophilic map colloid*,* Ihe nt#*rm and fin* palmitic und are 
neither noluhlc in water nor >et f«»r unfit When, how¬ 

ever, an alkali dike ^o«lniiu liv*In*%i« 1 1 i* added i*» either, l««*tIt 
become u «>hil»le. M In the vnm* of the fully und ivr tiftir long 
mid that tin 4 change i* coincident with f ninafoniiittion from fatly 
arid to a map; in tin* tme of casein Bind similar protein*! however, 
we liitvt* mop* rofsnipiiilv mid tlml it »* “ wilntde ’* ” in alkaline 
HolutioiiH," that if in 41 §trptijti*«i ’* h\ nlkaite*, flint it #J t*rr»»mr* 
colloidally din|ier*ed through it irijinwitr mimlirr of f >11 ion*,*’ 
etc. It *implifte* matter* and t* in*in 1 correct to aav flint »lmS 
hapgirnH in the mint* in lioih of material*. From the rft*cm, 
too, w formed ii aoapdtki* comftotmd {namely *oditim casemate} 
which in not only more *oltil»le m water Suit alnit n 1**1 In *oltcnt 
for water than the original * 4 netjirnl ** enaeiu. A« the -mmp§ mrr 
bed thought of tf## tltfimit n#f»f«ufiifn rurli with $$a men tudubthly ifi 
m$ier timl $Im men #i#frr#il /awtr for inilrr, «» iiIm# i# il fins# lei r*#rarriv«* 
o/ /Ac tmmt find m* fadin' //riffriwi/r# «if*« a* d* finite rlirwunil tom* 
pound# pmnrmnl of their mtm mimimhlii m mmlef and mdtwnl §miUTr 
for water , 

The idea that alkaliea fur aritbi miitr itiili ppiltdii to yield mm 
comtMiillidfi in, by itmdf, of roui^n m»t nrw. If min rutlv 

by S. Bpi$ahhkv iiii*I L. I4teiii<itn*%*\ J and »ii$rc tlndr ftttniii*a. 

laMmconfiriiml and drvrlofaui l#y W, H.tf Aiutv/ 4 Wmmmmm f* 4 i u * 

1 Ht»i* imp* ill 

8 H will L l#i> Mi.iMMVi Iflngrr’w An In 7t f M 
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E. Lacqueur, 0. Sackitr , 1 L. h. Van Slykk,- A. W. Bohworth,* 
T. B. Robertson , 3 4 etc. 

The difficulty with the work of these authors, if wo may express 
an opinion, is that with do.velopnmt to quantitative levels of their 
chemical views covering such protean electrolyte water systems, 
they have seemed constantly to support the expressed or implied 
view that with the pure chemistry of these systems settled, an 
understanding of their colloid-chemical Indmvior followed as a 
self-evident corollary. 

This view is, we think, fundamentally false. While union in 
stoichimnetrical relations , qualitative and quantitative changes in 
electrical charge , the accepted theories of “ dilute solution," etc., mag 
all at times be factors appearing in a colloid system and may t in fact, 
in part determine the behavior of colloid systems, their quantitative 
appraisement is in no instance adequate to u explain " the colloid 
state. The colloid projmrties of a casein sodium hydroxid water 
system (ignoring for the present the presence of an overplus of 
either alkali or casein) are those of a sodium caseinate water sys¬ 
tem and these, depending solely upon the concentration of the 
water in the system, vary from the extreme of a gelatinous solu¬ 
tion of water in the caseinate on the one hand to a true solution 
of sodium caseinate in water on the other. 

It is well to emphasize* at once the proj>er significance to In* 
given the electrical, ionic, viscosity, etc., projecties which such a 
system may show. In the presence of sufficiently little water a 
chemically neutral sodium caseinate is not onlv solidly gelatinous 
but also neutral to an indicator like phenolpht halein, as wit noun 
the lower section of the test-tulie shown in Fig. I HI While 
this finding is commonly interpreted in the terms of orthodox 
physical chemistiy as proof that in such 41 highly eoneent rated 
solutions ” (as in the highly concentrated soaps!, then* is no ade¬ 
quate hydrolysis and electrolytic dissociation to yield an overplus* 
of OH ions, we ourselves hold that it is just as correct and more 


1 E. Lacqueur and (). Sackur: lIofmewterH Beitr , 8, Hm f I902i 

2 L. L. Van Hlykb and co-workers: Am. < ’hem Jour, 88 liH moom. 

ibid., 88, 893 (1907). * h 


14, 203 f 1913) 


3 A. W. Boswoimiand L. L. VanBlykk: Jour. Biol < 'hem 
ibid,, 19,67 (1914); Bohworth: ibid., 80, 91 (1915) 

4 T. B. Robertson: Jour. Biol, ('hem., 2, 817, 387 *1907 1 ; ibid 8 49; 
(1909); ibid., 8, 287 (1910); Physical Chemistry of the Proteins, 85, Sm 
York (1918). Here references to the older literature inuv Ik* found 
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reasonable to consider this proof that the system water-dis- 
solved-in-sodium-caseinate is something different from a solution 
of sodium-ciiseinat e-in-water. 11 must be admitted either (1) that 
indicator methods may not be applied to such a system or that if 
they are applicable (2) it contains no ions. We reemphasize the 
point because to our minds the tissues of the body, including the 
blood and lymph, are such solutions of water 
in protein (protoplasm) and that, like a con¬ 
cent rated sodium caseinate/water system, they 
are electrieally neutral, that indicator methods 
cannot l>e applied to them without the greatest 
reserve and that, it is fundamentally false to 
regard them as systems for which the laws of 
the ordinary dilute solutions may be expected 
to be valid. 

Slight dilution of tin- concentrated sodium 
caseinate/\vat4T system with water suffices to turn 
it pink even when t he system is still entirely solid. 

What turns pink is that portion of the emulsion 
thus formed which represents the phase, dilute 
solution of sodium caseinate in water subdivided 
in the unchanged (more solid) solution of water 
in sodium caseinate. 

Still further dilution increases the amount of 
the dilute* solution phase and therefore the inten¬ 
sity of t he pink color (see Fig. 110). When 
sufficient water is added the system becomes 
more liquid since it is now composed of a subdi¬ 
vision of hydmtesi sodium caseinate particles 
within a 11 true* ” solution of sodium caseinate as 
an external, enveloping phase. Figube 110. 

On extreme dilution the system becomes in¬ 
tensely red (see the upjx'.r sections of the tube in Fig. 110) 
because this is merely a dilute solution of sodium caseinate in 
water which has at the same time suffered great hydrolysis. 

Just as the solubility and hydration properties of any fatty 
acid with different bases change as we pass from the alkali metals 
through the alkaline earths to the heavy metals, so also do the 
solubility and hydration capacities of casein, and in the same 
general fashion. The changes observed in the system as one 
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metal displaces another explain much of what in ordinaril 
described under the head of the “ peptization," “ precipitation 
or “ coagulation ” of the protein colloids. 

When potassium hydroxid, for example, is added to a sodiui 
caseinate / water system it is u peptiwnl " and lx‘comes moi 
liquid; while through the addition of magnesium, calcium or iro 
salts precipitation or “ coagulation " is produced. We prefer t 
say that in the first instance materials an* formed (potassim 
caseinate) which are more soluble in water, wherefore the whol 
system tends in the direction of the. less viscid true solution 
while in the second, materials are produced which am less solubl 
in water and are possessed of a lower hydration capacity, llene 
their separation from the dispersion medium. 

As reversion from a state of low hydration, low solubility am 
precipitation to a state of higher hydration and 11 solution " is mos 
easily obtained in the case*, of the soaps when the* alkali medals ar 
involved, is more difficult when those*, of the* alkaline*- earths ar 
considered and is generally said to lx* impossible* in the case* of th 
heavy metal soaps, so also in the ease* of f he* prof eins are t he* simila 
reversions accomplished with increasing difficulty and mom an< 
more slowly as we pass from the alkalies through the* alkalin 
earths to the heavy metals. The*. he*avy medal salts an* for thi 
reason regularly listed as “ coagulants " of the* proteins, whil 
those of the alkaline earths occupy an ambiguous middle ground 
The light metal salts act merely as “ pmeipitants " for the proteins 
As previously emphasized 1 and to lx*. touehe*d u|x>n again 2 the» 
facts are of importance not only for the understanding of th 
nature of certain coagulations but cmlxxly the* principles whicl 
must be employed when such coagulations upi>cur in living matte 
in consequence of heavy metal poisoning. 


§3 

It is necessary now to discuss the* offends of temperature upoi 
the proteins, associated with which is the question of their hea 
coagulation in order to mm when*- this sot of phenomena has it 
analog in the colloid-chemistry of the soaps. 

1 Martin H. Fischer and Marian O. Hookkk: Science, 48, 409 (1918). 

2 See page 240. 
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For a few of the proteins (as gelatin) in the presence of the light 
metal bases, the efforts of temi>erature may be dismissed with the 
statement, that, raising the temi>erature merely moves the system 
in the direction of true solution in water. As ordinarily stated, 
the proteins are “ more soluble ’’ at the higher temperatures and 
an* “ not eojigulable ” by heat. The same might, of course, be 
said of the “ solubility ” of the lower fatty acids when these, in 
the presence of sodium or {K>tassium hydroxid and water are raised 
in temi>emture. When the same proteins are examined in the 
presence of nmgnesium or calcium their behavior becomes “ambig¬ 
uous,” while in the tho presence of heavy metals the proteins are 
uniformly eoagulablo at. all temperatures. The reasons for this 
are to be found in the fact that many of the magnesium and 
calcium proteinutes (like the. magnesium and calcium soaps) are 
little, mom “ soluble " at higher temi>erature8 than at lower ones, 
while all the heavy metal protoinates, like the heavy metal soaps, 
have a low hydration capacity and a low solubility in water at all 
te.mi>e,rat urea. 

The accepted example of heat coagulation (or heat denaturiza- 
tion of the “ protein ”) is, however, best, seen in certain of the pro¬ 
teins like various albumins and globulins. Here rise in temperature 
even in the. presence of light metals docs not favor hydration and 
solution of the “ protein ” but just the reverse. Where in the 
colloid-chemist ry of the soaps do we encounter an analogous set of 
fact s? Nowhere in t he. group of the systems composed of pure soaps 
and little, water, but in the Itehxmior of those in which through hydroly¬ 
sis or otherwise the sepiration of insoluble free fatty acid is favored. 
In the rase of the “ heat migulable ” proteins it is also a matter, not of 
the coagulation of the potassium, sodium, etc., protdnates through 
increase in tcminralure hut of the free (proteinic ) add formed after 
hydrolysis. The items which favor such heat coagulation are the 
items which make for increase in hydrolysis or displacement of the 
system in the direction of a higher concentration of free proteinic 
acid, 'rim heat itself docs this, though the whole process is 
favored by dilution of the system with water, and the addition 
of small amounts of acid. Heat-coagulated protein/water systems 
am considered as among the most typical of the irreversible 
coagulations. Reversible, however, they are, as witness their 
swelling and solution when such “ denatured ” proteins are treated 
with light metal hydroxide. The same phenomena are observable 
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in the soaps. On dilution and application of heat the light r 
soaps, especially of the higher fatty acids, suffer great hydro 
and this hydrolysis is not reversible on simple lowering of 
perature. But let the freed fatty acid be treated with more 
centrated alkali, and reversion to a “ swelling and soluble 
acid ”—to speak for the moment in the terms of protein ch< 
try—gradually comes about. 

In a careful study of this problem Krafft 1 boiled a 
weight (1 gram) of soap (sodium palmitate) with increasing 
nmes (200 to 900 cc.) of water. Just as when certain pr 
“ solutions ” are thus boiled, these soap mixtures become ir 
On cooling, a shining precipitate settles out which on am 
shows a progressively lower percentage of sodium and higher 
centage of fatty acid when compared with the composition o 
pure soap, as the volume of water in which the soap was boil 
increased. The original soap contained 8.27 percent sod 
In contrast to this the cooled fraction when boiled with 20 
water showed but 7.01 percent; with 450 cc. water, 6.32 per 
with 900 cc. water, 4.20 percent. Krafft interpreted this fir 
as indicating that there was a splitting of the soap into so( 
hydroxid and “ acid-soap y ’ (sodium bipalmitate). This ide* 
since been frequently adopted by other workers. It is, to 
minds, only partly correct. There is, undoubtedly, with inc 
ing dilution and increasing temperature, an increasing fracti< 
free alkali formed. This is the consequence of the better c< 
tioris offered for hydrolysis of the soap into free alkali and 
fatty acid. But the mass which separates on cooling is certain 
true bipalmitate, for chemical reasons alone make it hard t< 
how a monovalent fatty acid can give rise to “ acid ” salts, 
separated mass is not a chemical compound, but simply free 1 
acid with which has been admixed mechanically a smaller 
smaller amount of neutral soap. 

What has been said of sodium palmitate holds also for so< 
stearate and for all the higher members of the acetic series, 
true also for sodium oleate. The amount of such hydro] 
however, decreases as the acetic series is descended so tha 
sodium caprate and for .soaps lying below this it is very g 
indeed. Were we to convert this finding into the terms of “ 
tein ” “ coagulation,” we would have to say that the “ prot 
1 Krafft: Ber. d. deut. chem. Gesellsch., 27, 1747 (1894). 
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ehlorid, combines with water while depriving the sodium oleate 
of its water or (2) one which acts upon the sodium oleate (like a 
weak acid) to produce from it- a new substance (like fatty acid) 
which remains emulsified in the unchanged hydrated sodium 
oleate. In either instance the viscosity of the whole system 
must rise, as exemplified in the first sbiges of the salting-out of a 
soap or in the increase in viscosity observed whenever a “ mayon¬ 
naise ” is made by emulsification of a fat or fat-like body (fatty 
acid) in a hydrated soap or hydrated protein. With addition of 
more salt or more fat-like body the type of emulsion changes to 
one of soap-in-oil and as this occurs the viscosity of the system 
falls, “ serum ” separates off and the soap or fatty acid swims as 
a clot to the top. If the soap or fatty acid is crystalline at the 
temperature of the clotting it may, of course, crystallize out. It 
is of interest therefore to note that, in the ease of blood coagulation 
the clot is definitely crystalline. 1 

We do not presume to say which of the. two types of “ coagu¬ 
lant,” the “ fibrin ferment,” rennin or muscle ferment follows, but 
we incline to the view that it probably acts like a weak acid which 
splits the original fibrinogen (and not like the salt). The “ fer¬ 
ment ” nature of the different coagulants has been seriously ques¬ 
tioned in late years, for they not only seem heat stabile, but. 
disappear quantitatively as coagulation advances. If is not 
necessary, of course, that such u splitting ” should be induced 
through a true ferment. The appearance in the reaction mixture 
of any substance which acts like a weak acid would do quite as 
well, for the addition of a limited amount of such a substance will 
not only stiffen a hydrated soap/water system but, similarly, any 
hydrated potassium, sodium or other basic proteinate system, as 
illustrated, for example, in the “ souring ” of milk. 

How now may the “ favoring ” action upon coagulation of 
calcium, iron or other heavier salts be understood? It is necessary, 
here, to state just which part of the coagulat-ory process is “ fav¬ 
ored.” Usually it means the earlier apj>earanee of a free clot or 
the development of a 11 firmer ” clot. Obviously the presence of 
the heavier metals must favor the development, of fatty acid or 
proteinic acid derivatives which are possessed of low hydration 
capacities. 

’See StObel: Pflttger’s Arch., 166, 361 (1914); W. H. Howell: Am. 
Jour. Physiol., 36, 143 (1914). 
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ON THE THEORY OF POISONING BY AMMONIUM 
COMPOUNDS AND BY HEAVY METALS 

1. General Remarks 

If we may apply to protoplasm the conclusions which have 
Iwen reached in the previous pages it seems safe to us to say that 
the foundation of living mat ter is a polymerized amino-(fatty) - 
acid to which normally are joined various bases (like potassium, 
sodium, magnesium and calcium) and various acid radicals (like 
chloral, bromid, bicarbonate, sulphate and phosphate) the whole 
constituting a unit 1 capable of sucking up or “ dissolving ” a 
certain amount of water. It is in other words a basic-protein- 
acid compound in which water has been dissolved. Even the 
blood and the lymph have this colloid-chemical constitution. 
The secret ions from the body, on the other hand, represent the 
op|K*site ty{H‘ of system the urine and sweat, for example, are 
essentially 41 solutions ” of protoplasmic material in water. 

It is of interest now to study this hydrated protoplasmic mass 
(tissue and Mood) to see what changes it may suffer when other 
than the normal buses or acids are introduced into it or the pro¬ 
portions of these constituents to each other are varied from the 
normal. Pro|w»r answer here has much to do with our funda¬ 
mental theories of the physiology and pathology of cell behavior 
and of pharmacological action. 

t From constant reject ition in colloid-chemical, physiological and pharma¬ 
cological action the grouping may he expressed approximately as follows: 



/NH, 

jr OOOH< 

K 

| 

^Ntt 

NH* 

Mg 

/\ 

Ga 

men 

Ba (?) 

im 

Fe 

II fir 

Pb 

HI (?) 

Hg 

IK'sIIiOi 


HaHO* 


IWPO4 




236 


SOAPS AND PROTEINS 


It is worthy of note, first, that sodium and ehlorid art* among 
the least poisonous of the listed constituents that may l>e intro¬ 
duced info cell protoplasm. It is for this reason that sodium 
ehlorid is the main component of all 44 physiological " salt solu¬ 
tions. 1 Not only do sodium and ehlorid appear in protoplasm 
in largest amounts (in the list of the so-culled inorganic 44 salts ”) 
but they yield, with protein, colloid systems which in physical 
behavior most closely approximate the physical characteristics 
of living matter. As we am 1 fid or descend the list of the tabulated 
bases or acids from sodium or ehlorid we encounter protein deriv¬ 
atives which are cither more h yd ratable and soluble in water than 
normal protoplasm or which arc less hi/dratable and soluble. It is 
this fact, we think, which is associated with the physiological, patho¬ 
logical and pharmacological action of these elements when introduced 
in more than normal comrntratian into the living mass. When, 
for example, potassium is introduced in more than normal amount 
it exerts a “ poisonous ” action which eolloid-ehemieally evi¬ 
dences itself through an increased swelling and an increased 
fluidity of the affected protoplasm. Ammonium nets similarly, 
which explains why potassium and ammonium salts, for example, 
arc used therapeutically to render mom liquid the mucinous 
secretions of “ catarrhally 11 affected mucous membranes, 

1 In connection with the analysis of physiological and pathological prob¬ 
lems in the terms of colloid-chemistry, definition must Is* attempted of the 
nature of such “physiological 44 salt solutions. Pure water is jmiwmmis 
because in contact with it, protoplasm hydrolyzes. Free protein in conse¬ 
quence precipitates within the mil while “salts 44 diffuse into the distilled 
water. Presence of any salt in the pure water reduces such hydrolysis. The 
salt must, however, he of such nature and of such concentration ns not to 
diffuse into the protoplasm and displace the normal equilibrium existing 
there between the various basic and acidic elements. Hence the sujmrior 
value of an NaC’l solution over that of any other one salt. But Na< '1 alone 
still permits of displacements and loss to the salt solution of constituents like 
K, Ca, H 2 CX) 3 , etc. For this reason a Hinukh solution (which contains small 
amounts of each of these in addition to NaDl) is sujH*rior to simple salt solu¬ 
tion. Solutions of the sugars (even when present in the same “osmotic 41 
concentration) do not prevent such hydrolysis and hence are little Imttcr 
than distilled water. When properly prepared, a physiological salt solution 
will have a composition which, as a solution of salts in water, is in equilibrium 
with the system, solution of water in protoplasm. The protoplasm will 
now neither take up nor give off water, in other words the two systems 
will be “isotonic. 44 The concentration of the individual salts in the water 
will, however, probably not be (and need not be) that of the concentration of 
these same elements in the hydrated protoplasmic mass. Whence the com¬ 
mon finding that “isotonic 44 solutions are rarely (if ever!) isosmotie. 














PK<>!M\ DUtIVATIVm AND TISSUES 


237 


Th«- intnuluciiini „f iiijiKitissium or calcium into protoplasm 
Joa.is, on th«- other haml. to a " .Irving out ” of the protoplasmic 
mass. While small amounts of these elements are necessary 
to maintain protoplasm in its normal state, larger ones begin 
to show a ilistineth " poisonous " action. Such poisonous effect, 
with eorresjMtn. ling .lehy.irntion of the tissues, jumps enormously 
when salts of iron, silver, mercury or lead are. used in pharma- 
cologteal practice; hence the need of administering these sub¬ 
stances in ver\ small amounts, in medicine, if their use is not 
to ftr pushed 1 *e\mid ill** *’ physiological limit. 1 " 

In tin* am* of flit* heavier metals, the al>ove considerations 
laid m f*» the ol»\i«»ii» conclusion that these act. as poisons to 
protoplasm Unum -1 h«*y untie with protoplasm to form compounds 
more H|i:ii>ri> hydra! able tlmn normal protoplasm. In pathol¬ 
ogy ami medical practice the formation of such heavy metal 
protoplasmic eomputmds in generally considered to constitute 
an irreversible change and the affected protoplasm is commonly 
adjudged netTtritr or dead. The mere fact, however, that indi¬ 
vidual poisoned by any of the heavy metals do occasionally 
recover ahvadv indicates that such a conclusion overstates the 
facts; if was learned, moreover. in eimsidering the colloid-chemical 
Irtdmvior of the analogous heavy metal soaps, that these could 
Is* converted into light metal soups. H> wish now to show that 
thv /imi tj mt Uil pruit tnttU* with their low hydration capacities can 
at mi Iw amirrttd min Ihr mor* highly h yd ratable lighter metal pro - 
tanutvn and that, as the latter art* formed, colloid-chemical restitu¬ 
tion to the condition which more nearly approximates the physio- 
logieal Mfute of protoplasm may In* obtained. Before pointing 
out tin* obvious theory of intoxication and detoxication to which 
this fact lends, some ex|jerimentH of Robert A, Kehoe 1 must 
lie detailed, 

2. Experiments cm the Conversion of Heavy Metal Proteinates 
into Light Metal Proteinates 

A measured amount Cf» cc.) of a viscid gelatin (2 grams in 
100 cc. water I was gently stirred together with an equal volume 
of distilled water or an equal volume of m/500 silver nitrate. 
The ap|M*aran<*e of five tub«*H forty-eight hours after being thus 
1 lioiiEiiT A. He hoe; Jutir. Liib, and Clin. MecL, 5, 443 (1920). 
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prepared is shown in the upper row of Fig. 111. The tul>e on tl 
left contains the gelalin-water control, the remaining tula 
gelatin and silver nitrate. There was now added to the tulw 
respectively from left, to right., 5 ce. water, f> ee, water, ft ee. m 
sodium sulphate, ft ce. m/3 magnesium sulphate, ft ee. m/1 
potassium hydroxid. The. lower row of Fig. Ill shows the effeei 
of such treatment, thirty-nix hours later. The first two tula 
are obviously unchanged. There has la*en distinct recession < 
the coagulating effects of the silver in the remaining tula*s, rest it i 
tion in the case of the IvOll being apparently complete. 



Fkicrk 111. 


Fig. 112 shows the reversing effects of these and other lightc 
metal salts when added to a series of 2 jaweent gelatin solution 
(5 cc. each) previously coagulated through the addition of a 
equal volume of m/ft(K) cupric sulphate, m/lftOO ferric sulphate 
m/1000 plumbic chloric!. After the coagulants had acted fe 
forty-eight hours the reversing agents (ft ee. each) were adde 
to the tubes (m Nal, 2 m MgCI 2 , m/20 KOH, 2 m K( ’1, 2 r 
MgCI 2 , m/20 KOII, 2 m KBr, 2 m K(’l, m 20 KOH). Th 
photograph portrays the t.ulxw twenty-four hours after such addi 
tion. The clear gelatin control apjxtaro on the extreme left 
The unchanged heavy metal controls are the left-hand tulies i: 
each of the remaining groups. The three remaining tubes c 
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each of too series show that complete resolution of the original 


heavy metal coagulum has 
been obtained in all cases. 

The imjK>rtanee of using 
enough of the lighter metal 
salts if reversion is to \m ac¬ 
complished m illustrated for 
mercury coagulation in Fig. 
113. With the exception of 
the pure gelatin control, all 
the fillies contained f> ce, of 2 
permit gelatin to which had 
l>ecn added 5 e«\ m/UXM) mer¬ 
curic chloric!. Twenty-four 
hours litter f> cc. <listilled water 
were added to the pure gelatin 
and a inemiry gelatin control; 
to the remaining tulies worn 
added ft cc. of {Kitfiwium iodic) 
of the eoneerd rat ions m/1, 
m/2, m/4, m/K and m/32, 
The photogmph taken twenty- 
four hours Inter shows complete 
reversal of the coagulation only 
for the tula* to which m/1 
potassium iodid was added and 
less mid less reversion ns the 
concent rntion of the reversing 
salt was lowrmil. 

1 4 *sf it lie thought that 
these observations on 11 dead ,r 
proteins do not apply to u liv¬ 
ing ” tissues the following ob- 
servat ions of Kkhok 1 may be 
of interest. The enzymatic 
reactions art! perhajai ns charac¬ 
teristic of living matter m any. 
Kkhok finds that the starch- 
splitting activity of saliva may 



i IlossitT A. Kkhok: Personal communication (1921). 


Figure 112. 
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be “ killed ” through the addition of various heavy metals. Saliva, 
thus “ poisoned ” for weeks, will again split starches to dextrose 
when any of the light metal salts are added to it. But here again 
interesting differences appear. While all the lighter metals act 
in this fashion, excessive addition of such metals as potassium 
will again kill the reaction. Apparently only when the enzyme 
^presumably a protein) has a medium grade of dispersion and 



Figure 113. 


hydration and not an excessive one with excessive solubility in 
water will it best exhibit its starch-splitting properties. 1 

3. On the Nature and Relief of Heavy Metal Poisoning 

§1 

It is perhaps fair to say that the present day treatment of heavy 
metal poisoning is an attempt, in the main, to discover some 

1 This idea that optimal enzymatic activity is associated with a certain 
degree of dispersion of the enzyme, independently arrived at by Khiiok, 
was -first discovered through other colloid-chemical methods by A. Fodor 
(Fermentforschung, 4, 191, 209 (1920)). Fodor found that the enzymatic 
activity (digestion of polypeptids) and ultramicroscopic picture of a phos- 
phoprotein obtained from yeast was destroyed through the action of mijeh 
acid but that both could be restored through neutralization of the acid and 
addition of KC1. 
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** antidote M which will throw the* jMusonous jigent “ out of solu¬ 
tion M in M insoluble ’* form. Many farts in chemistry, pharma¬ 
cology and therapy already Huffier to indicate that such a notion 
regarding the aetion of antidotal agents is ineorreet. Unless, for 
example, an exactly projier concentration is maintained, the admin¬ 
istration of sodium or |>ntusaitim iodid to individuals poisoned 
with lend or mereury does not result in the formation of insoluble 
lead or mercury salts, but may quite ns easily yield soluble, products. 
And yet tin* beftefimti efleets of iodid administration in the relief 
of various heavy metal intoxications, even when such concen¬ 
tration details are ignored, eannnt 1 m* doubted. In t ho experi- 
ments of Kkiiok the concentration of the* reversing salts was so 
chosen m to yield no precipitates of the heavy metal elements, 
and yet flu* more normal slate of the previously coagulated pro¬ 
tein was undoubtedly restored, 

77it heavy metal salts do not pm mm protoplasm became they are 
dimohml m if, hut IpcmitHc they eomhine with the protein constituents 
of the cell to yield insoluble proteinates of low h yd rati mi capacity. 
Antidotes do not save such poisoned ret Is because they precipitate the 
heavy metal , hut turn use they displace the heavy metal from its protein 
combination to unite the mm lees with the protein freed. The heavy 
metn! previously insoluble t>ccnusc united to the protoplasm of 
the cell again I K*eomes soluble and as such may Iks washed out of 
the body. 


§2 

The above considerations bring with them, wo think, sug¬ 
gest urns of prnetieal value for the treatment of all the heavy metal 
fansonings. 

It is obvious that if the heavy metal proteinates revert under 
the influence of light metal salts to the proteinates of these lighter 
metals (which then more nearly approximate in physical state the 
proteins of the norma! cell) a second reason apjamrs for the admin¬ 
istration of large doses of alkali to patients poisoned by the heavy 
metals. A first, reason was found and utilized some years ago 1 
when the administration of alkali was recommended to patients 

1 Martin II Ftwwfi: (Edema, 123, 133, New York (1910); Nephritis, 
52, 125, 173. IKS, New York (1012); (Edema and Nephritis, 2nd Ed., 549, 
048,' New York 11915); (Kdemn mil Nephritis, 3rd Ed., 727, 789, New York 
(1921) Hen* numerous reference to the older literature may be found. 
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poisoned (or about to be poisoned for therapeutic reasons) by 
arsenic, mercury or lead. As discovered by F. Hoppe-Seyler 
and his pupils, T. Araki, T. Irasawa and H. Zillessen, the heavy 
metals interfere with the normal oxidation chemistry of living 
cells, resulting in an abnormal production and accumulation of 
acids in the involved cells. Such increased acid content is fol¬ 
lowed by an increased water absorption (oedema) of the involved 
cells which in the case of such organs as the brain, medulla and 
kidney may lead to a fatal issue. Associated with this phar¬ 
macological action of the heavy metals and the swelling of certain 
proteins is their other colloid-chemical action which results in the 
formation of less hydratabh compounds (like the metallic globu- 
linates). The combination of the swelling of certain proteins 
with the dehydration of others yields the anatomical picture which 
the pathologists call “ cloudy swelling.” To neutralize the 
acids formed and thus to reduce the swelling of the one while at 
the same time the attempt is made to uncoagulate the dehydrated 
second and thus clear the “ clouding,” heavy doses of alkali are 
needed (like the bicarbonates, carbonates and hydroxids of sodium, 
potassium and magnesium or, in general, any of the lighter bases in 
combination with organic acids oxidizable to carbonates). These 
substances alone, or better in mixture, must be given in sufficient 
amounts day and night to maintain a 'permanently neutral or even 
a slightly alkaline reaction of the urine. In order to float off in 
solution the liberated heavy metal, water is needed. It must, 
however, be remembered that water alone, especially when brought 
in contact with cells inclined to oedema, favors their swelling and 
solution. To offset such deleterious effects, the alkaline salts and 
water intake must be so controlled (whether given by mouth, 
rectum or intravenously) as always to have the combination touch 
the affected cells in hypertonic solution. 1 How much may be 
accomplished in saving an extra fraction of those poisoned by the 
heavy metals by such methods may be deduced not only from my 
own studies 2 but from the independent ones of William deB. 
MacNider and H. B. Weiss. 3 

1 For details regarding such treatment see Martin H. Fischer: (Edema 
and Nephritis, 3rd Ed., 667, 678, 783, New York (1921). 

2 Martin H. Fischer: (Edema, 123, 133, New York (1910); Nephritis, 
52, 125, 173, 186, New York (1912); (Edema and Nephritis, 2nd Ed., 549, 
648, New York (1915); (Edema and Nephritis, 3rd Ed., 727, 789, New York 
(1921). 

3 William deB. MacNider: Jour. Exp. Med., 23, 171 (1916); ibid., 26, 
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4. Concluding Remarks 

In these concluding paragraphs we shall in rather dogmatic 
fashion fry in group flit* results of the studies outlined in these 

pages with some older ones, 1 all of which had in common the pur- 
jxhc of analyzing protoplasm colloid-ehemieally and of defining 
ns accurately a* possible the nature* of various changes observable 
in the living mans when subjected to physiological or pathological 
change. 

§ 1 


Biological evidence indicates that of the five proximate prin¬ 
ciples found in protoplasm* protein, carbohydrate, fat, salt and 
water three constitute an irreducible minimum. While life 
may continue in the absence of carbohydrate and fat it ceases 
as soon as any of the other three is missing. What is the relation¬ 
ship of these to each other? In the common belief these materials 
exist M in dilute solution " in the cells which, plainly put, are held 
to be little bags of salt solution in which the proteins are either 
dissolved or “ sus; tended.” And yet, normal protoplasm even 
when very rich in salts has not a salty taste and does not yield 
any appreciable jmrtion of its salt content to rain or dew 2 or 
the distilled wafer in which it may lx*, bathed. The salts are 
obviously mi in dilute solution but combined with the protein. 
Biological reasoning therefore compels the same conclusion 
to which the analogies existent between the ladiavior of simple 
f protein I colloid systems ami the Imhavior of living matter have 
led m. The sit-called 41 unit* " and the water of protoplasm (except 
in ihettrelicid amounts) are not “free” The salts are combined urith 
the proteins ami the combination is not “ dissolved ” in water , but 
conversely, imicr in dissolved in it. Living matter is in essence a 
unit, a hydrated hiiHir-proUtm-acid complex in which ionization, 
the laws of true solution and the presence of water in a state 
analogous to that seen in a glass are reduced practically to zero. 3 

b 10 illtl?); ibid , m. 50, 617 (1918); Free. Soc. Exp. Biol, and Med., 14, 
110 f 1017); II. B, Weiss: Jour. Am. Med. Assn., 68, 1618 (1917); ibid., 71, 

RMUVflitlHf „ , „ 

1 Martin H FmeiiEH and Makian (). Hooker: Fats and Patty Degen¬ 
eration New York (1917); Martin H. Fischer: (Edema and Nephritis, 


3rd Ed . New York cHttl) 

s Hi*e John Uki Lm»yd: Eclect ic Med. Jour., 75, 616 (1915). 
s What m mud hen* cif the "aaltn*’— 1 which obviously are made when pro- 
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It is as different from the ordinary dilute solution as a “ solution ” 
of water in phenol is different from one of phenol in water. 

The experiments detailed in the preceding pages also indicate 
how the colloid-chemical nature of this hydrated protein colloid 
which constitutes the physiological basis of life may be changed, 
either from within or without, so as to give rise to the manifesta¬ 
tions of physiology, or, when more accentuated, of pathology. 
Through temporarily or more continuously acting factors, he they 
mild or drastic in their action, the chemical character of protoplasm 
is changed and depending upon the hydration and solution character¬ 
istics of the new compounds formed , the physical state of the living 
mass is also changed. 

In the list of the simpler changes which may thus be brought 
about are those which give character to oedema and abnormal 
water loss. The protoplasmic mass which in its “ normal 55 state 
has sucked up as much water as it can, is possessed of what the 
physiologists call a normal water content or a normal turgor. 
If, for any reason, a cell takes up more than this normal amount 
of water, it becomes “ cedematous.” The botanists say that 
the cell is then in a state of abnormally high turgor which, when 
extreme, results in destruction of the cell or “ plasmoptysis.” 
Obviously, anything which under physiological or pathological 
conditions brings about such change in the colloid mass, which, 
in other words, enables it to absorb such excessive amounts of 
water may be listed as a “ cause ” of oedema or increased turgor. 

For this reason abnormal accumulations of acids or of alkalies 
within a cell may be listed as causes for oedema, for these so act 
upon the “ normal ” albumins of the cell as to convert them 
into albuminates which have a higher hydration capacity. But 
the amins, pyridin and urea also increase the hydration capacity 
of proteins (though in a different way) so they, too, are in pro¬ 
portion to their activity, “ causes ” for oedema. Or when one 
basic or acid radical is substituted for another in the normal 
protoplasm this may be a cause for oedema; for ammonium or 
potassium proteinates are more hydratable than sodium or mag¬ 
nesium proteinates, and protein chlorid swells more than protein 

toplasm is subjected to drying out, to the action of water, or to the action of 
analytical agents, is to our minds true also of many other components held to 
be preexistent and “dissolved” in living matter. Alkaloids certainly do 
not exist as such in normal protoplasm—they are split off through the methods 
used to isolate them as John Uri Lloyd has so often insisted. 
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sulphate, Such fact* explain flic* “ poisonous ” and swelling effects 
tif pun* potassium or pun* chlorid solutions upon normal cells 
which on to then* lose their sodium and calcium or their 

sulphate and phosphate, etc. 

tin flu* other hand, anything winch decreases the water hold¬ 
ing |nm«*r of the protoplasmic colloids is to be listed as a cause 
fur abnormal Hater to**," for shrinkage of the cell or, to use 
1 In* terminology **f tin* ImtanisK “ plamiulyxix.” Much effort 
Im.H burn mailt' to bring these swellings and shrinking# into rela¬ 
tionship niflt flit' law * * *f osmotic pressure. That all such at tempts 
have faded will surprise no one, the laws governing the water- 
holding power* of cell* aro the laws which govern the water- 
holding <*f t heir “ normal “ colloid proteins and protein- 

ales and of the new rolloid derivatives produced from these when 
exposed to the aetion of different salts. Since the derivatives 
produced are pMHHe^sed of entirely ditTerent hydration capacities 
even when the salt* are applied in the same concentration the 
ultimate swelling* and shrinking* must obviously also be dif¬ 
ferent in spite tif equivalence in M osmotic pressure.” 

As we previously listed various elements as “ causes ” of 
<i*deum we muld now in similar fashion list others as causes of 
piasmolysi*. lit sufficient eoneentration all salts are such, but 
in their mode of action we must distinguish l>elween at least 
two t\ |h h of effect h. Even without entering the protoplasmic 
umHM t salt molecule* tuny bind water and so take it away from 
the hydrated protoplasmic mass (shrinking it through “depriv¬ 
ation of solvent” m first suggested by Franz IIofmkibter *); 
oil the other hand the salt radicals may replace others in the 
protoplasmic mass binding themselves to the vacated bonds. 
Ill this \\a> lend * mercury and similar proteinates are produced 
which, as coiiipiired with the more 41 normal potassium, sodium 
and magnesium proteinates, suck up scarcely any water at all. 

§ 2 

The enlluid-eliemieal variations accompanying chemical 
change in the fundament of the living cell are not, however, 
exhausted by this change in its water-holding power. Its solu¬ 
bility in water also changes. <icnerally speaking those proto- 
1 Fran?. ilorwM*Tr.H'. Arch f exp. Path. u. Pharm., 25, 6 (1HH8). 
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plasmic derivatives which have a greater capacity for swelling 
have also a greater tendency to “ go into solution.” The things 
that make for oedema make alw, therefore , for the appearance of 
protein (“ albumin ”) in the surrounding medium. The swollen 
kidney in nephritis therefore yields albumin to the urine (albumin¬ 
uria) ; the oedematous brain or spinal cord makes the protein 
content of the spinal fluid go up; etc. 

§3 

In association with these changes in the direction of increased 
swelling and increased solubility, or decreased swelling and 
decreased solubility, it is well to carry in mind a third type of 
change to be considered whenever salt in rather high concent ra¬ 
tion is added to protoplasm and when the possibilities for chemical 
reaction between the salt and the protoplasm are practically 

zero. The change about to in* de¬ 
scribed scarcely appears when the 
normal (relatively dry) <*<*11 is up for 
consideration; it may he prominent 
when the cell is (edematous (or prac¬ 
tically liquid). When a chemically 
nonHidive salt is applied to protoplasm 
in, relatively high concentration it lends 
to shrink the normal cell (see A of 
Fig. 114 ) concentrically; when mixed 
with a more liquid protoplasm the salt particles unite with water 
within the protoplasmic mass (see B of Fig. 114 ). Dehydration 
1 of the (protein) colloids of the coll occurs in both instances, but, 
volume change (in the sense of a decrease) may not appear in the? 
second. 

The matter is of much importance in the analysis of the princi¬ 
ples which must guide us in the treatment of (edema. As so 
often insisted, all salts, including sodium chloric!, decrease the 
hydration capacity of a protein in the presence of an acid and 
for this reason should be administered in as high a concentration 
as possible to the oedematous individual. It lias, however, been 
insisted by various clinicians that the administration of salts 
(especially sodium chloric!) does not decrease, lad may actually 
increase oedema. While many of the observations intended to 
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mn«* tin* | h nut ntv subject to *<*ri<ms questi«„, the observations 
in tins volume 1 show how such occasional foldings may 
h* explained. 

After the State <h«*crj».ed in H of Fig. 114 has been attained 
t, needs to fo- remembered that, nrry salt under droplet is enclosed 
i*i thin is hydrated colloid membrane. Hut these, are now osmotic 
a,stems: for the morntled semi isrmrable membranes of the physical 
■famish, which allow water to jsiss through them but (as commonly 
tUesjed ! no d, as, deed substances, are also nothimj but hydrated colloid 
nembran* Aon* of them are really im/HTmeahle to dissolved sub- 
da aces, but they allow the jHMsaye of mich only very slowly. The* 
edematous eell dehydrated front within may therefore swell still 
nore if water is given, for it hits I teen converted into a series 
if tim oHinotie stems, in Other words droplets of concentrated 
tall solution in seioijN'rioeable hags of hydrated colloid. 

*rh.-«*' reioiitks must not, however, 1st misunderstood. The 
wrmal cell is no such system and the play of osmotic forces within 
I im prnriimiin ;rni, 

Fr«iii their uhrnrmfmm on icdema thn clinicians have come 
<i tin* fa|.we flint tin* way to <mat it is to withhold 

tilt. What m mrrMMmj w /<» f/irr milt but to withhold water. 


H 


We tuny now return to the general question of the possibilities 
or the iim«4ofifi»*’i*f of osmotic prof worries by any cell under 
fhyididogiml or jiiiltiitltigirnl circtuuMtamm 

Obviously, whenever the hydrated protein mass moves under 
In* intUmm* of phyatologicnl activity or in consequence of 
njury, etr,, ill the direction of increased hydration and increased 
solubility in water it moves also, in the direction of “ increased 
sumotic pressure,** increased electrical conductivity, increased 
iuiritiy amt decreased viscosity; while changes in the direction 
if decreased hydration rapacity and decreased solubility make 
or mi np|x»»ite set of changes. 11 is well to l>ear in mind the simple 
tfiittre of (hear rhaitges, for ill them is carried the “ explanation ” 
£ tlm hiohigiefil turrits which to-day impede progress in physiology 
>r pathology. 


1 fuge 113, 
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When it is observed that the colloid-chemical interplay between 
protein colloids, water and various so-called “ electrolytes ” is 
governed both qualitatively and quantitatively by the same laws 
which govern various physiological functions (like water absorp¬ 
tion, muscular contraction, nerve conduction, sense of taste, 
digestion, enzymatic reaction, etc.) it follows that the essence 
of these physiological reactions must also be found in such colloid- 
chemical changes in the protein fraction of the protoplasmic 
mass. We locate, in other words, the portion of the living mass 
in which physiological behavior has its seat. And in pathology, 
it is again obvious that if the laws governing various pathological 
changes are those which govern the colloid-chemical behavior of 
proteins we obtain here, too, an answer to the nature of these 
changes while discovering, at the same time, the principles which 
must guide us in their treatment. 

Protoplasm when “ stimulated ” or injured manifests sub¬ 
sequently a “ current of action ” or “ reaction to injury.” Physio¬ 
logically we know that the irritated or injured protoplasm becomes 
more acid, that its electrical potential toward an uninjured or less 
injured part changes, and that it shows an increased osmotic pres¬ 
sure; pathologically we observe the injured protoplasm to swell, 
to undergo, perhaps, a “ cloudy ” swelling or 1 “ albuminous 
degeneration,” which when sufficiently severe may be followed 
by “ fatty degeneration ” and death of the involved part (“ necro¬ 
sis ”). 

The concepts developed in the preceding pages may serve to 
indicate how these physiological, anatomical and pathological 
entities hang together. The production of acid in a part, either 
through activity or injury, must, of necessity, bring with it an 
electrical change, succeeded by a chemical one in which the pro¬ 
teins of the involved protoplasm are given an increased hydra¬ 
tion capacity and so, if water is present, are made to swell. Such 
swelling will, however, be manifested only by proteins of the 
albumin type. The globulins, on the other hand (which as 
sodium, magnesium or calcium globulinate have in this form a 
higher hydration capacity), will be robbed of their bases, and, as 
the less hydratable “ free ” “ globulinic acid ” tend to be pre¬ 
cipitated. The combination yields a precipitated material within 
a swollen one, in other words, the anatomical picture of cloudy 
swelling. But the swollen proteins are also more soluble in water. 
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'IV iHuiuplanm will therefore not only tend to mix 

with i?" Mirrnumiing ]iti*(|ititti v but (except for the globulin frac¬ 
tion) will In* laming from a system represented by a solu¬ 

tion of ivntor in rolloid material towards a system represented 
by a tnif* solution <*f the rollnid material (the protoplasm) in water. 
As this hap|sue* ihen* lull In* observed a “ licpiefaetion ” of the 
protoplasm, a ileta -v-am* in its visrosity, an increased difTusibility 
and uf Htirh «lifbe*iot4 is imj«Mled by hydrated colloid walls) mani- 
feMf at ions of an mrteaM’d osmotic pressure. 

The H4*u>ral ehang* h 'iiwrilietl make for a steady decrease in 
the amount of h\ dioplttltr colloid present m the* unit volume of 
protoplasm and fin* apj>earan<*e of more and more 44 free ” water. 
Hut under un*h nieuniHtanee any fat previously held apart in 
finely *li\ided form within the protoplasm l»eginH to run together 
into larger globule* A* thin IntpfieftH we get the anatomical pic¬ 
ture of “ fat I % degeneratiom*’ 

We have it**1 lilt!'* fur considered t ho question of whether u 
reversal in lit*' cttciimstwiccs producing tlu* Kories of changes 
tlrwiiltt'il w i* h t Itfi! un-mill moving alterations in function) allows 
these rlmtiges i*‘ i* ut*e or not. If reversion is possible the con- 
iliiioii i*< " etiniMe ", if not, the involved protoplasm dies, or, to 

NlV il III < tleeh. II sutlers necrosis. 


( oii»idi ring that in a thousand pages of pathology the sub¬ 
ject** o» .edema, eloiidy swelling and fatty degeneration scarcely 
take up a do/en, il limy impress the render that, too much has been 
made of them in tIn- pages of this volume and preceding ones. If 
the matter needs justification then it is written in the fact that all 
dtstiubanee in timeiion and all tin* changes of disease whieh are 
reversilile and therefore eurnhte are contained within the confines 
of these lowly eoiieepts, Cells onee dead may be replaced by 
others, but I lie physician diH-s not do this. If he has a problem 
it is that of how to maintain the physiological; t,o understand 
the nature of the pathological; and to use, not with hojHt oidy, 
but with eonsemtis power his knowledge of these things in order 
to aid nature in her efforts to restore an injured cell to the nonnal. 

To hasten such solution our efforts have not brought us far. 
To do it in the terms of morphology is to end in pictures; to do 
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it in the terms of pure chemistry is to end in formulae. Perhaps 
to do it in the terms of colloid-chemistry ns attempted in the 
preceding pages is also inadequate, hut if it is, the fault is resident 
in the misapplications which have been made, not in the inade¬ 
quacies of colloid-chemist,ry to the task. 


PART FOUR 

AW’K.XDIX 



PHYSICO-CHEMICAL COKSTAHTS OF VARIOUS FATTY ACIDS 
I. Adds of the Series CJ,«0. Acids of the Acetic Series 
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SOAPS AND PROTEINS 


II 

PHYSICO-CHEMICAL CONSTANTS OF VARIOUS ALCOHOLS 1 
1. Monatomic Alcohols of the Formula C„H 2 „ + iOH 




Molecular 

1 Specific 

Melting- j 

Boiling- 

Alcohol. 

Formula 







weight. 

gravity. 

point ; 

jMunt 

Methyl 

CIIiOH 

32. OH 

S‘> 

0 7913 4 

97 H" 

00 7H M 

Ethyl 

CsIBOU 

40.05 

0 7K510 S 4 6 

112 3 M 

78 4" 




ju 



Propyl 

CaHiOH 

00 00 

0.80358 4 


97 4 M 

Butyl 

C 4 H 0 OH 

74. OH 

0.8138ft 


117 02® 

Amyl 

CrilnOH 

HH. 10 

0 K10K au 


137 8" 

Capryl 




! 


Heptyl 

CtHwOH 

110.13 

0 830 

- 30 5 W 

175 8° 

Octyl 

ChHitOH 

130.15 

0 8375 

1 

195 5“ 

Nonyl 

CqHuOH 

144.10 

0 8340 V 1, 

- 5 0° | 

215 0® 



2. Diatomic Alcohols 



Ethylene 

CaEU (OH)® 

02.05 


- 17.4® I 

197 37” 

glycol 






Trimethylene 

CiHa(OII)* 

70.00 


.... 

2It) 0® 

glycol 2 




1 




3. Triatomic Alcohols 



Glycerin | 

C>H 6 (OH)i 

| 92.00 

| 1.2<UkV | 

17® | 

290 0° 



4. Other Alcohols 



Allyl 

! CsIIsOH 

58.05 

Q.849ltt 

— 129" I 

90 09° 

Benzyl 3 * 

C 7 II 7 OH 

108.00 



2(H) 0” 

Cinnamyl 

CaHaOH 

134.08 

1 0397It 

irr 
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1 Data from Van Nobtrand’b Chemical Annua), edited by John <\ Olnkn, New York 
(1913'), unless otherwise specified. 

2 V. v. Richter: Organise he C'hemic, 10 r< ‘ Aufl., 1, HU) {1903), 

’W. H. Perkin and F. Stanley Kipping: Organic Chemistry, 451, London and Edin¬ 

burgh (1911). 
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SUBJECT INDEX 


A 

Acetic Acid, 7, 253. 

Acetic Series, fatty acids of, 7, 253; soaps of, 16. 

Acetic Series Soaps, 16, salting-out of, 117, 135; gelation of, 135; and foam¬ 
ing characteristics, 138, 141; and emulsifying characteristics, 136, 150; 
and washing characteristics, 136, 157. 

Acid, acetic, 7, 253; butyric, 7, 253; valeric, 7, 253; caproic, 7, 253; caprylic, 
7, 253; capric, 7, 253; lauric, 7, 253; ficocerylic, 7; myristic, 7, 253; 
isocetic, 7; palmitic, 7, 253; margaric, 7, 253; stearic, 7, 253; arachidic, 
7, 253; behenic, 7, 253; lignoceric, 7; carnaubic, 7; pisangcerylic, 7; 
cerotic, 7, 253; montanic, 7; melissic, 7; psyllostearylic, 7; tiglic, 7, 
254; hypogaeic, 7, 254; physetoleic, 7, 254; palmitoleic, 7, 254; lyco- 
podic, 7, 254; oleic, 7, 254; elaidic, 7, 254; isooleic, 7, 254; rapic, 7, 
254; petroselinic, 7, 254; cheiranthic, 7, 254; liver oleic, 7, 254; doeglic, 
7, 254; jecoleic, 7, 254; gadoleic, 7, 254; erucic, 7, 254; brassidic, 7, 254; 
isoerucic, 7, 254; linolic, 8, 255; millet oil, 8, 255; telfairic, 8, 255; 
elaeomargaric, 8, 255; elaeostearic, 8, 255; tariric, 8; hydnocarpic, 8; 
chaulmoogric, 8; linolenic, 8; isolinolenic, 8; jecoric, 8; isanic, 8; 
therapic, 8; clupanodonic, 8; arachidonic, 8; sabinic, 8; juniperic, 8; 
lanopalmic, 8; coceric, 8; ricinoleic, 8; isoricinoleic, 8; ricinelaidic, 8; 
ricinic, 8; quince oil, 8; dihydroxystearic, 8; lanoceric, 8; hepta- 
decamethylenedicarboxylic, 8; octodecamethylenecLicarboxylic, 8; jap- 
anic, 8; formic, 253; propionic, 253; heptylic, 253; hyaenic, 253; pel- 
largonic, 253. 

Acids, fatty, 7, 8, 253; of the series CnH 2 n+iCOOH, 20; amins of fatty, 206; 
solubility of fatty in and for water, 206; and union with proteins, 227. 

Acid Soap, 112. 

Acrylic Acid Series, 7, 254. 

Additive Salt Effects, 102. 

Adsorption, in soap systems, 185. 

Albumin Content of Secretions, 246. 

Albuminous Degeneration, 248. 

Albuminuria, 246. 

Alcohols, ethyl, 30, 31, 34, 56, 57; amyl, 34, 56, 57; capryl, 34, 56, 57; 
heptyl, 34, 56, 57; methyl, 34, 56, 57; octyl, 34, 56, 57; nonyl, 34, 56, 57; 
propyl, 34, 56, 57; monatomic, 44, 56; allyl, 49, 53; benzyl, 49, 58; 
cinnamyl, 49; diatomic, 50, 58; triatomic, 52, 59; and sodium oleate, 
46; and sodium elaidate, 46; and sodium erucate, 47; and sodium linolate, 
48. 

Alcohol/soap Systems, 30. 

Alkalies, and salting-out effects on potassium oleate, 120, 121; and union, 
with proteins, 227; and heavy metal poisoning, 241, 
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Alkaloidb, and protoplawn, 244, 

Allyl Alcohol, 46, 51, 256, 

Amino-acids, 205, 

AMiNo-KArrv-Arms, 206 

Ammonium linolafv, 24; uiofiio, 25; *ti»nrnt«\ 26. imltmu 
Ammonium Chloric, and Hnltmgwut of IUW 

Ammonium 11 yhroxih, and Halting-out of Boti|w, 121 
Amyl Acetate, 61 
Amyl Alcohol, It, 56, 57, 256 

Analogies, in n>lIoi(Mu*mi*try of protein ilmvjifivr« am 

Antidotes, 241. 

Arachidio Acid, 7, 252, 

Arachidonic Acid, 8, 

Ahhkhtos, 191. 

n 

Barium linolate, 21, olente, 25, atearute, 20, |»aliinf#it«% »< 
Barytes, 192 
Beeswax, 169. 

Behknic Acid, 7, 252, 

Bknzaldehyd, 61, 61. 

Benzene, 61, 61, 

Benzyl Alcohol, 49, 58, 2541 
Bibliouraphy, *257, 

BlOLOOICAL CoAOULATIoNH, 2.1.1 

Blood CIoaoulation, *2.111 
Borax, ns soup filler, IH5 
Bkahhidic Acid, 7, 254 
Brink, and salting-out of *unj>s, 1 H2 
BurrKR Fat, 168. 

Butyl (Iho) Am’ohol, 56, 57, 256 
Butyric Acid, 7, 251. 

C 

Cacao BurrKR, 167. 

Calcium CiHiOitm, ami salting-out of mmpf *, 111 
Calcium Hydkoxid, in wap imiinifiirtnrr, 91 
Calcium linolate, 24; olente, 25; stearate, 'ill; ltvtffmni 
Caprice Acid, 7, 251. 

Capuoic A<td, 7, 251. 

Capryl Alcohol, 14, 56, 57, 2541 
Caprylic Acid, 7, 251. 

Carbon Tetraohloiud, 111, 6.1. 

Carnaubic Acid, 7. 

Cabkin, 228, 211 ; systems, 2HH 
Cabhinoukn, coagulation of, 211. 

Cabtoii Oil, 166. 

Cells, osmotic. phenomena in, 247. 

("erotic Acid, 7, 251. 

Chalk, 191. 

Chaulmoooric Arm, 8. 

Chaitlmoookic Acid Seri eh, H. 

Ch KIRA NTH IC A HI), 7, 254. 

Chloroform, 61 , 61 . 
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(’inn amyl Alcohol, 49, 25a 

ci. ay, u»:i, 

< 'U)VV\ SWLLLINU, 2 IS 
('LCRANonoNie Acm, S 

<'i.t i'VNunoNH* Arm Skhikh, X. 

< ’iiMa'UTius, 225; definition of, 226; of protein systems, 230; through 

brut, 230. 

(’oroANCT < fit., 107. 

< ’oeeuuc Vein, X. 

C 5m Livkh < On, 160. 

(*ou> Ukocf.hh Soar Manufacture 170. 

< \»M> \\ ATM SoARH, 1H7. 

<'ot.uutm, definition of lyophilic, 04; theory of, 64; classification of, 64; 
lyophobie, 65; difference between lyophilic and lyophobie, 65; lyophilic 
ami lyophobie, 72; hysteresis, swelling, liquefaction, gelation capacity, 
solvation capacity, syneresis and sols of, 74; swelling of, 75; sweating of, 
70; mi fillers for soups, 193. 

<’of.uutMmuMnwn (’manors, and physiological reactions, 248. 

C 'hj.muih'hkmihthy, of soap-making, 6; of protein derivatives, 208; of deriva¬ 
tives of egg-globulin, 210. 

( euniu Io\h, 112 

(’oi.unn htf.mh, stabilisation of, 225; reaction of, to indicators, 229. 

('oMfAUtHON, of soaps, 23; of soap systems with gelatin systems, 223; of 
muip systems with protein systems, 223. 

(‘osar\ nth, of fats and oils, 169; of market soaps, 186; of fatty acids, 253; 
of alcohols, 256, 

(’oNVj.ttsMiN, of one soap into another, 190; of heavy metal proteinates to 
light metal proteinates, 237. 
i VrroNarrn Dm, 165; snjKmifieation of, 172. 

('iiitfu, Mixti hks, 66. 

( *tlrrtCM. TlMRFHATUKF., 68. 

(’mac (’itumtu, amt salting-out of soaps, 132. 

(’rente SeuntATK, 238, 

< Tkaiiimty, 249 

< Vito Soar, 1 Hi, 1K3 

<3 Kitrvr -or Action, in protoplasm, 248. 

(’•rente Arms, H, 


D 

Hr.ATii, 2-1H 

IlwmiiiATioN, by sodium chlorid, 246. 
Ulriuvation of Solvent, 245 . 
Diatomic Awnttow, 50 , 58 , 256 . 
UuiAHte Aettm, H. 

I )JHYIMtO\'I LATFO AciUH, 8. 

I filtVOROX YMTF.ARIC Actl), 8. 

Dirmahic Hyhtfmh. viscosity of, 115, 
Hor,out* Acm, 7, 25*1. 

Diiyino of hoars, 189, 191 


E 

and l.ydroxidH, 207; and water systems, 209; colloid-chem- 

istry of derivatives of, 210; and acids, 212; and salts, 217. 
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204 

IOl^omaiujauk 1 Arm, 8, 255. 

El/eohtearic Arm, 8, 255. 

Klaidk’ Aril), 7, 254. 

Emulsification, theory of, 15 1 ; in soap manufactur*', 17 i 
Emulsifying Properties of So\in, 150, 140 
Emulsion, 75. 

Enzymes, and heavy metal action, 249; am! drgn «•»»l Av \* j ihu, ;m<§ 
Eruuic Arm, 7, 254. 

Ethers, 01 . 

Ethyl Alcohol, 54, 50, 57, 255; and -»ot»p ‘♦valour*. an. 41 
Ethyl Alcohol/Sodium ( >li; via; S*s*n \i», 51 
Ethyl (Enanthate, 01 , 05 
Ethyleneglycol, 50, 58, 50, 250 
Eutectic Mixtures, 20 . 


K 

Eat Constants, Hit). 

Eath, 5; in Koap making, 101 

Fatty Degeneration, 2 is 

Ferric Chlorid, and Halting-out *4 nm\m, 155 

FERRIC SULPHATE, 25H. 

Fibrinogen, coagulation of, 255. 

Eicocerylic Arm, 7, 

Filled So ai*h, 185. 

Filler for Soaps, borax n«, 1 H5; sugar m»Itiftof§ 102 . * fl , S( §y,*f; 

nature of action of, 101 ; use of, m e\re**, |*i5 
Einihhinu of So a ph, 185 . 

Flour, 195. 

Eoamino, of Hoafw, 150; soaps Hlectno f*«i. 15s. rtfr» i <4 trm|H-raf §m* uj»tn 
158; theory of, 154 

Foams, Holid, 150; liquid, 150, production of, 147, tnmnt**tmu> ** <4 147 
EoitMir Arm, 255. 


Cl 

Gadolkic Arm, 7, 254. 

(iAH IN CiAB, 0*1. 

Gah in Liquid, 04. 

Gah in Solid, 04. 

Gasoline, 01 , 05. 

Gel, 21; theory of aoup, 09 

Gelatin, 209, 218; swelling of, 75, 218 ; and water ^friti*, 21 V mAnU^n «,f 

218; indciK'ndcmv ,.f ^w<-llinn i*»'i in. 2l'.t. l.vdn.iH.n :lI ,d 

turn of. 210; liqiiefartitm of, 220; and alkali, 220. and a, id. 220 and 

Halt., 221. 

Gelatin Ghlorid, 221 . 

Gelatin/Water Systems, 21 k 

CiELATION CAPACITIES, 74, 70; of BodlUUJ *n||jw, 21 

Globulinh, and heat coagulation, 255. 

Glycerin, 59, 250. 

Goohe Fat, 108. 

Grained Soaps, 185. 

Graining of Soaps, 5 , 
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HaI.K-HKTTLK!) »SoAI»S, IK2. 

11 1 %a r < uAurtanoN, 2.10; of protein and soup systems, 211; of biological 

Hunk 211 

Him l Ml.i u.h, uaturc of poisoning by, 211. 

Ilr.AVi Mm \i. uaturn and relief of, 241. 

lltM'i Mi r\u I'lturi in vn>, 192, 227. 

IIi*:i # ini»i o wit Tin u.Mmo \uhoxvmo Arm, K. 

If HIM’ \ \» . »>l, til 

Hmti i, Aueiini., 21, 10, 17, 2.741, 

fii:rru,it Wik, 212 

lb in F\r, I OH 

H«if IblfM Sou* M \MT MTITU’., 170. 

Hor \\ v mi So\i»h, 1 h7 

Hi \i.\ir \i in, 212 

HiustH \ifi*t< \« in, s 

Ihonwt.»« 111, 111 

Hi on vrins, of gelatin, 210; and solution of proteins, 219. 

Ill1* »sh, uf protein water systems, 214. 

Ill on*a*i.N a rt n ( ‘orfoNnui n Oil* saponification of, 172. 

livim*»(*»’.s vrtos, 12 

Uinuot.i hih, of mm pH, 70 

HllMitiMUn, imd egg-globulin, 207 

Hi % i, I* ins, of protein water systems, 214. 

Ifmimw t.vtt *» A* ttm, K 

IIloiioHi inn*’ lOtot^ imrs, of soaps, lHO. 

Hii’oo,t*.n Arm, 7, 214 
IllHTMlfr.st*, 71 


1 

lx moat* ms, 77, and protein systems, 229. 

l\ti hi, to protoplasm, h2 

loins \ uiT,, ITtt 

lost/.\rtos, in protoplasm, K2, 242. 

loss, rollout, 112 

Isvsir \«Tt», h 

Imiltt Tl I. Auroliotn 10, 17. 

l«nT’;iir At in, 7 

f hi iKitt ur \i if*, 7, 214. 
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lot*. H. 211 
ImiifiiTSofTJr Arm, H 
Iwmwrfr Himrf iosh, 2 .20. 

Isirmsit* Soi.itio.hm, 220. 

J 

Jai*an Wax, ItlH 
J a r a s it * Arm, K 
.Ir.riti.Kir At in, 7, 2,11, 

Jintfiir Ann, H 
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L 

Lanoceric Acid, 8. 

Lanopalmic Aced, 8. 

Lard, 168. 

Latjrates, 14, 28. 

Lauric Acid, 7, 253. 

Lead linolate, 24; oleate, 25; stearate, 26; palmitate, 27; laurate, 28. 
Lead Chlorid, 238. 

Leimniederschlag, 183. 

Light Metal Prqteinates, 237. 

Lignoceric Acid, 7. 

Limonene, 61, 63. 

Linolates, 10, 24. 

Linolenic Acid, 8. 

Linolenic Acid Series, 8. 

Linolic Acid, 8, 255. 

Linolic Acid Series, 8. 

Linseed Oil, 165. 

Liquefaction, 74. 

Liquid Foams, 136. 

Liquid in Gas, 64. 

Liquid en Liquid, 64. 

Liquid in Solid, 64. 

Lithium Oleate, 25. 

Liver Oleic Acid, 7, 253. 

Lycopodic Acid, 7, 254. 

Lye, 5, 181. 

Lyophilic Colloids, 71; general theory of, 64; definition of, 64. 
Lyophobic Colloids, 65, 72. 


M 

Magnesium linolate, 24; oleate, 25; stearate, 26; palmitate, 27; laurate, 
Magnesium Chlorid, and salting-out of soaps, 131. 

Magnesium Sulphate, and sodium oleate, 200. 

Manufacture, of soap, 163. 

Margaric Acid, 7, 253; as eutectic mixture, 20. 

Marine Soaps, 187. 

Mayonnaise, 115. 

Melissic Acid, 7, 253. 

Mercuric Chlorid, 239. 

Mercury oleate, 25; stearate, 26. 

Methyl Alcohol, 34, 56, 57, 256. 

Milk Coagulation, 233. 

Millet Oil Acid, 8, 255. 

Mixed Systems, 73, 83, 84, 85, 86, 87, 88, 89. 

Monatomic Alcohols, 44, 56, 256; and sodium oleate, 46; and sodi 
ela'idate, 46; and sodium erucate, 47; of the series C n H n OH, 49* c< 
stants of, 256. ’ 

Monatomic Alcohol/Soap Series, 30. 

Montanic Acid, 7. 

Mutual Solubility, 66. 

Myosinogen, coagulation of, 233. 

Myristic Acid, 7, 253. 
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Nm'huhih, 248 

Ni t Hi u, Soys, 7X. 

Nun \h,|! lull > SoL\ I.NTS, and H(>Hp, 00, 03. 

Xuwi. Ali’uiiul, 31, 30, 37, 250. 

NrniM, BrsTUi, It>7. 

() 

t *nui>L« ami tim.i M.uK’Aitiioxvut* Arm, 8. 

(It til Am oiinL, 31, 50, 57, 250. 

C Kj*l m a, 211; solum of sodium chloral in, *240. 
( Ml < 'itSKrwnt, tOU 
l 3, in soup making, 104, 

< M.t. a n «, 10, 21 

uli i« \< in, 7, 251 

4 tm.n \* in Si.inr.H, 7, 254 

( M,n i. t ML. 0*0 

t »i«ia Chain \t tin X, 255 

(maioto Sy hti.mh, 247; imttm* of, 247, 


Balm K> hnll 4 Ml, 107. 

Balm < Ml, 10*0 
Palvui Airs, 11, 27 
Balmhm At it*. 7, 253 
Palmi iui.lit A« n», 7, 251 
Bahaloi n\ n, 01, tk’i 
Bi l aiiminj*' \< in, 253 

Bi sti/uma, 225; definition uf, 220; of fatty adds and proloins, 227. 

Bi no» t uni* \* io, 7, 254 

Phlnoi \\ vn,u Svtfii aim, f*4*; wiltiug-uut of, OH. 

Bill NuLiTI'I tl VLL1N, 7\ l 13 

Bm m mu ir A* io, 7, 254 

Bin ho al Hr ail, of wiiiji mixtures, KB 

Buy wo in in; mi* \l < ovstantm, of fatty acids, 253; of alcohols, 256. 

BinH|ui.t«,it al UrAtTioNs, and colloid-chemical changes, 248. 

PiOMiunM* al Salt Sumtion, 230. 

Bin* ni , 61, 03 
Bo* ASM 1 HALO A* 10, 7 
Bi *i*. 215 

Bl \ ham in > r*o, 215 
Bl.t A!HO’ < 'itLolltl*, 23K, 

Bonus i no, 0> ainintiiunm and heavy metals, 235. 

B* »i*r y Hr t o < Ml. 105 . 4V _ , OQ 

But ahhii \i IiiK.liitr, 24; oteate, 25; stearate, 20; palnuiate, 27, laurate, 28; 

!«. >.H.95, UK. KIK. no, lao, 121,127,m, 129,124,135,200,201. 

hyirmut, 120, 127; flu.,rid, 121; rhlorid, 122, 127, 128, 129; bromxd, 
122; imlid, 122; nitrate, 123; nulphocyanid, 123; sulphocyanate, 124; 
mi-iitl.*, 12.*,; Milj.lmtc, 125; tartrate, 126; phosphate, 126, citrate, 126; 

I Min *i ohm art o*n of, 245. 

Bor ahhji m A*t tatl, 125. 

Bt»r ahmh m BtioMin, 122 

B«*r \hmi* m {htumm. 122, 127, 128, 129. 

poTAHHft u < Yruvrn, 120 
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Potassium Fluorid, and salting-out of soaps, 121. 

Potassium Hydroxid, and salting-out of soaps, 120, 127. 

Potassium Iodid, 122. 

Potassium Nitrate, 123. 

Potassium Oleate, salting-out of, 93; effects of water upon, 94; effects of 
alkalies upon, 94; effects of salts upon, 95; effects of alkali and salt 
together upon, 108; historical remarks on the salting-out of, 110; salting- 
out effects of alkalies upon, 120, 121, 127, 128, 129, 134, 135; salting-out 
effects of neutral salts upon, 121, 122, 123, 124, 125, 126, 127, 128, 129, 
130, 131, 132; and sodium carbonate, 200; and sodium silicate, 201; 
and sodium borate, 201; and magnesium sulphate, 201. 

Potassium Phosphate, 126. 

Potassium Soaps, 16, 23; foaming properties of, 143; foaming properties of, 
of the acetic series, 148. 

Potassium Sulphate, 125. 

Potassium Sulphocyanate, 123, 124. 

Potassium Tartrate, 126. 

Potato Flour, 193. 

Propandiol (1, 3), 50. 

Propionic Acid, 253. 

Propyl Alcohol, 34, 56, 57, 256 

Protein, swelling of, 75, 219; acid and basic derivatives of, 206; colloid- 
chemistry of derivatives of, 208; solution of, 218; action of acids and 
alkalies upon, 218; salting-out of, 226; coagulation of, by different 
bases, 230; coagulation of, by heat, 233; and heavy and light metals, 237. 

Protein Derivatives, 205; solution of, 205; hydration of, 205; solubility 
of, in and for water, 206. 

Protein Systems, compared with soap systems, 223. 

Protein/Water Systems, stability of, 214; independence of swelling and 
solution in, 219. 

Protoplasm, solution of water in, 78; ionization in, 82, 243; injury to, 82, 
247; fundamental chemical constitution of, 235; as solution of water in, 
235; effects of introducing different bases into, 236, 237; fundamental 
composition of, 243; salts in, 243; and alkaloids, 244; solubility of, for 
water, 244; solubility of, in water, 245; reaction of, when injured, 247; 
electrical conductivity of, 247; cloudy swelling in, 248. 

PSYLLOSTEARYLIC ACID, 7. 


Q 

Quince Oil Acid, 8. 

R 

Reaction to Injury, in protoplasm, 82, 248. 
Rapic Acid, 7, 254. 

Reichert-meissl Value, 170. 
Reversibility, in soaps, 89. 

Ricinelaidic Acid, 8. 

Ricinic Acid, 8. 

Ricinoleic Acid, 8. 

Ricin oleic Acid Series, 8. 

Ringer Solution, 236. 
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Sutisu 1 Ann, K. 

S \u\ a, and heavy metals, 240. 

HAi.rtMeorr, of soaps 5, OS, HO, 90, 1S2; of phenol/water system, 68; of 
|M»fiiwiniii oleute, 90; historical remarks on, of soaps, 107, 110; theory 
of, of Husips, 110; of different soaps, 116; of acetic series soaps, 117; 
effects of concent rat urns of sodium chlorid upon, of soaps, 117, 128, 129, 
Kill; of mixed ^oaps, 1H|, of proteins, 226, 

8 ai*th, HTcrt* of, on potassium oleute, 90; water attracting power of, 110, 111; 
find gelatin, 222; relation of, to jvrotoplasm, 240. 

H\t*usm<NxnoN, etfeet of conrentratioii of alkali upon, 179. 

H\**o\irtr yrnex Yu.m, 170 

Hr.ntKrioHs, ns Holutionsof protoplasm in water, 205; albumin oontont of, 246. 

St,W» lit nK'\ 190 

St On.. 166 

Hrrri.r.o 8mt\ 1 h1, IhO 

Shaun** Srni'H, 191 

Sii«\ mi Xrrtfvrt,, 2OH 

Smt\ definition of, 0; graining of, 5; by Twitched process, 5; preparation 

4»f. 10 

H*»ai*», gelation nipiieiticH of, 10; with different basic radicals, 10; with differ¬ 
ent tind radical?*, 15; of acetic acid series, 16; and water concentration, 
22; and fton-ntfneuw solvents, 60, 60; salting-out of, 68; as normal 
electrolytes, 70, ISO; as colloids, 70, 112, 181; neutral, 78, 11,3; hydroly- 
uh of, 79; reversibility in, H9; salting-out of, 93, 182; historical remarks 
on uniting-out of, 107, lit); jc4lying of, 111; acid, 112, 113; as true 
solution*, 112; alkaline to phenolphthalein, 113; theory of salting-out 
of, 113; sidting-out of different, 116; gelation and salting-out of various, 
of tW sice!ir series, 135; foaming projtertien of, 136; emulsifying proper¬ 
ties of, i:w, 150; washing pro;H»rties of, 136,157; changes in, on cooling, 
ISO, wiiting-out of mixed, 1K1; curd, 181, 183; settled, 181, 183; grain¬ 
ing of, 1H2, lS3; “going stiingy” of, 182; finishing of, 183; half-settled, 
1 KI; filled, 1K5; transparent, 186; physical constants of market, 186; 
riild water, ls7; hot water, 187, marine, 187; hygroscopic properties of, 
IHlt; water loss by, 189; conversion of one into another, 190; shaving, 
191; tillers for, 192; hydrolysis in, 231; heat coagulation of, 231, 232. 

Sme Ai 4 'oiiiil Hvhtkmh, zio; with different soaps, 21; with different alco¬ 
hols, 31 

S*»,\i* < »m*, iis mutually soluble systems, 66, 69; theory of, 69. 

8ml* i\ Watkic, 69. 

Smr Kettle, 164, 

Smi* Makinu, 6 . . . 

Shu* M\m KAiTtutK, 103; by cold process, 170; by hot process, 170; mixing 
of fat with alkali in, 174; emulsification in, 174; microscopic changes 
otwerved during, 176; addition of alkali in, 178. 

Hit At* Mivrtms, 83, . 

Huai* Svmtkiim, effects of temi>enituro on, 71; compared with gelatin systems, 


223 

Hi i\r Watkk Rvhtkwh, 9. ro . , 

rapruttt**, 17, 19, 38, 54, ml, 58; caprato, 19, 39, 54 56, 08 ; kurato, 19, 
28 39, 5-1, 56, 58, 55); myriatatr, 19, 40, 54, .> 6 , .> 8 , .>J; pal nutate, 19, 27, 
41 54 56, 58, 59; amehidate, 20, 54; margarate, 20, 42, 54, 56; ste.arate, 
2 tl! 26, 43, 54, 56, 58, 59; ekldato, 21, 55, 57, 58, 59; erucate, 21, 58, 59;. 
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linolate, 21, 24, 57; oleate, 21, 25, 55, 57, 58, 59; acetate-alcohol systems, 
31; butyrate-alcohol systems, 31; caproate-alcohol systems, 31; caprate- 
alcohol systems, 31; caprylate-alcohol systems, 31; erucate-alcohol sys¬ 
tems, 35; elaidate-alcohol systems, 35; caprylate, 38, 54, 56, 58; elaidate 
and different alcohols, 46; oleate and different alcohols, 46; erucate and 
different alcohols, 47; linolate and different alcohols, 48; butyrate, 54, 
56; valerate, 54; acetate, 55; formate, 55; propionate, 55; oleate and 
indicators, 78; stearate and indicators, 79; oleate-sodium stearate mix¬ 
tures, 83, 84, 88; oleate-sodium palmitate mixtures, 83, 85, 88; linolate- 
sodium stearate mixtures, 86, 88; caprylate-sodium stearate mixtures, 
87, 89; chlorid, 117, 128, 129, 130, 185, 246; hydroxid, 120; carbonate 
as soap filler, 185; borate as soap filler, 185; silicate as soap filler, 185; 
gelatinate, 221; cas'einate, 229. 

Sodium Acetate, 55; -alcohol systems, 31. 

Sodium Arachidate, 20, 54. 

Sodium Borate, as soap filler, 185; and sodium oleate, 199. 

Sodium Butyrate, 54, 56; -alcohol systems, 31. 

Sodium Caprate, 19, 39, 54, 56, 58; -alcohol systems, 31. 

Sodium Caproate, 17, 19, 38, 54, 58; -alcohol systems, 31. 

Sodium Caprylate, 38, 54, 56, 58; -alcohol systems, 31; -sodium stearate 
mixtures, 87, 89. 

Sodium Carbonate, as soap filler, 185; and sodium oleate, 198. 

Sodium Caseinate, 229. 

Sodium Chlorid, and sodium soaps, 80; effects of concentrations of, for 
salting-out of soaps, 117, 128, 129, 130; as soap filler, 185; and dehy¬ 
dration of protoplasm, 246. 

Sodium Elaidate, 21, 55, 57, 58, 59; -alcohol systems, 35; and different 
alcohols, 46. 

Sodium Erucate, 21, 58, 59; -alcohol systems, 35; and different alcohols, 
47. 

Sodium Formate, 55. 

Sodium Gelatinate, 221. 

Sodium Hydroxid, and salting-out of soaps, 120. 

Sodium Laurate, 19, 28, 39, 54, 56, 58, 59. 

Sodium Linolate, 21, 24, 57; and different alcohols, 48; -sodium stearate 
mixtures, 86, 88. 

Sodium Margarate, 20, 42, 54, 56. 

Sodium Myristate, 19, 40, 54, 56, 58, 59. 

Sodium Oleate, 21, 25, 55, 57, 58, 59; and ethyl alcohol, 31; and different 
alcohols, 46; and indicators, 78; -sodium stearate mixtures, 83, 84, 88; 
-sodium palmitate mixtures, 83, 85, 88; and sodium carbonate, 198; 
and sodium silicate, 199, 201; and sodium borate, 199; and magnesium 
sulphate, 200. 

Sodium Palmitate, 19, 27, 41, 54, 56, 58, 59; -sodium oleate mixtures, 83, 
85, 88. 

Sodium Propionate, 55. 

Sodium Silicate, as soap filler, 185; and sodium oleate, 199, 201. 

Sodium Soaps, 16, 23; of the acetic acid series, 29, 44; of the oleic acid 
series, 29; of the linolic acid series, 29; and diatomic alcohols, 50; and 
triatomic alcohols, 52; and glycerin, 52; and ethyl alcohol, 54; and 
alkali, 80; and sodium chlorid, 80; foaming properties of, 139; produc¬ 
tion from potassium soaps, 190; production from calcium soaps, 191; 
production from ammonium soaps, 191. 
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>DI T f™ ATE > 20 - 2 6, 43, 54, 56, 58, 59; and indicators, 79; 

oleate mixtures, 83, 84, 88; -sodium linolate mixtures, 86, 88; 
. caprylate mixtures, 87, 88. 

)dittm Valerate, 54. 

>ft Soap, 83. 


-sodium 

-sodium 


>l, 74, 76. 

>lid Foams, 136. 

)lid in Gas, 64. 

>lid in Liquid, 64. 

>lid in Solid, 64. 

>lid Tissues, 81. 

)ltjbility, mutual, 66. 

)LUTI0N, 17; definition of, 69, 221; of proteins, 218. 

)LVATES, 114, 115. 

)lvatton Capacity, 74, 76. 

)lvent, deprivation of, 245. 

)LVENTS, 30. 

ARCH, 193. 

ZARATES, 10, 26; reversion of, from heavy to light metal soaps, 92. 

?earic Acid, 7, 253. 
emulation, of protoplasm, 248. 
jgar Solutions, as fillers for soaps, 191. 
jspension, 73. 
veating, of colloids, 76. 

YELLING, 74, 75; of protein, 218. 
rNERESis, 17, 30, 74, 76. 

rsTEM, soap/water, 9; soap/alcohol, 30; soap/x, 60; phenol/water, 66; 

gelatin/water, 218; casein/water, 228. 
rsTEMs, viscosity of diphasic, 115; stabilization of, 225; osmotic, 247. 


T 

1LLOW, 168. 
iPiocA, 193. 
ariric Acid, 8. 
ariric Acid Series, 8. 
elfairic Acid, 8, 255. 

bgeory, of salting-out of soaps, 113; of washing, 157; of emulsification, 157. 
ierapic Acid, 8. 

[glic Acid, 7, 254. 

;me, as factor in production of colloid systems, 198. 
issues, 205. 

DLUENE, 61, 63. 

IAN SPARE3STT SOAPS, 186. 

IIACETIN, 61, 63. 

ii atomic Alcohols, 52, 59, 256. 

IIMETHYLENEGLYCOL, 50, 58, 59, 256. 
jrgor, 244. 

JRPENTINE, 61, 63. 
iviTCHELL Process, 5. 

V 

aleric Acid, 7, 253. 
ariables in soap vat, 4. 
escosity, of mixed systems, 115. 
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Washing Properties, of soaps, 130, 157. 
Water-attracting Power, of salts, 110, ill. 
Water Dissolved in X, 81. 
Water/Egg-gloiiulin Systems, 209. 
Water/Gelatin Systems, 218. 

Water-glass, 185, as soap filler, 185. 

Water in Soap. 09. 

Water Loss, by soaps, 189. 

Waxes, used in soap making, 101. 

Wheat Gluten, 218. 


X 

X Dissolved in Water, 81. 

Xylene, 01, 03. 



